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PREFACE 


The present state of MOS LSI semiconductor technology has permitted powerful and complex general- 
purpose processors to be economically incorporated into single silicon chips. This capability ushers in anew era 
of system design, where for the first time low cost tools are available for solving many complex problems. 
Significant levels of computing power are now available inexpensively and can be used both to lower the cost of 
high performance systems and to improve the efficiency of programmers in their increasingly more complex 
tasks. 


The AmZ8000 Family is the first integrated processor family to fully exploit this new era, breaking tradition with 
the legacy of compromised performance dictated b, past manufacturing technologies. The two processors in the 
family incorporate many of the features heuristically evolved from both minicomputer and main-frame systems. 
This gives the applications programmer, the systems programmer and the system designer the power and 
flexibility required for today’s complex systems. 


This Data Book is one of a series of documents that support the AmZ8000 Family. The AmZ8000 Processor 
Instruction Set book (AM-PUBO86) provides a complete, detailed description of all the processor instructions; 
the AmZ8000 Interface Manual (AM-PUB089) provides a detailed discussion of the CPU interface and its use 
with several support devices; AmZ8010 Memory Management introduction (AM-PUB093). Additional informa- 
tion is currently being prepared for publication. 
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INTRODUCTION 


Advanced Micro Devices has undertaken a significant commit- 
ment to the world of 16-bit fixed-instruction-set processors. AMD 
is bringing to the market: 


A new, advanced processor architecture, 

A complete family of LSI peripheral! circuits, 

e A complete family of system support circuits, 

@ Acomplete family of memories and memory support circuits, 
@ Complete technical documentation, 

e Effective development system products, 

e Extensive support software. 


This book describes all of these items in as much detail as is 
available at press time. Future editions will be propagated as new 
information is aenerated. Some of the data included here is 
preliminary and is intended to aid long-term planning. The factory 
should be contacted for the latest technical data on specific 
products and for the latest product availability information. 


A large majority of future microprocessor applications will be 
serviced by a combination of single-chip microcomputer products 
such as the Am8048 series and by 16-bit microprocessors such 
as the AmZ8000. Where applications are simple enough, the 8-bit 
microcomputer chips will tend to be used. Increasing software 


costs and throughput requirements will cause the 16-bit CPUs to © 


dominate the balance of the designs because they can answer 
these problems more efficiently. Conventional 8-bit micro- 
processors will Serve a shrinking share of new designs. — 


In addition to significant increases in throughput that flow directly 
from the 16-bit structures, improved technology and more 
sophisticated architectures add even more performance. 
Software cost savings are being realized due to more powerful 
instruction sets, and in conjunction with sophisticated high-level 
languages such as PASCAL. Language compilers allow the pro- 
grammers to write, debug and document programs in a shorter 
time span. This is vitally important for such a labor-intensive 
activity where costs are rapidly rising. The declining costs of 
technology-intensive LS! hardware can be used to improve 
software costs. 


The AmZ8000 processors, in terms of resources, system fea- 
tures, instructions, interface and architecture, represents a major 
advance in microprocessor sophistication and system-level per- 
formance. The processors form the heart of a large family of 
components, systems, software, documentation and support. In 
addition to existing peripheral chips, a variety of new advanced 
peripherals has been designed to support the AmZ8001 and 


AmZ8002 processors. Figure 1 shows these new MOS/LSI 


components. 
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Several types of products are available for buffering, driving, 
latching, decoding and control functions. These are useful within 
the system as well as for external interface and for implementing 
memory subsystems. Additional specialized components have 
been designed for control of specific memory subsystem func- 
tions such as refreshing and error correction. 


A wide variety of memory devices are available to support the 
AmZ8000 Family. Advanced Micro Devices manufactures many 
types of RAMs, ROMs, PROMs, EPROMs and FIFOs. Memories, 
of course, are essential elements in any processor design. In- 
deed, processors can be considered as tools for converting logic 
gates and algorithms into memory cells, thus providing user 
access to the excellent levels of technology available via 
memories. 


An AmZ8000 Evaluation Board is available from Advanced Micro 
Computers for quick hands-on experience with the AmMZ8000. Itis 
a complete small computer with RAM, ROM and several 1/O 
ports. Available software includes a resident monitor and a simple 
line-by-line assembler. The AmSYS™8/8 Microcomputer De- 
velopment System supports the AmZ8000 Family as well as other 
microprocessors such as the Am8080, Am8085 and Z80. The 
system includes RAM, dual 8 inch Floppy Disk drives and several 
serial and parallel interfaces. 


A powerful set of development software is available with the 
AmSYS /8 to make the complex process of product development 
easier and faster. The software includes a sophisticated Disk 
Operating System, Macro Assemblers, a linking loader, a pow- 
erful editor and debugger and a PASCAL compiler. 


Advanced Micro Devices has an educational department which 
offers courses on the AmZ8000 microprocessor family, AmM2900 
bit-slice family and on related topics. Check with your AMD sales 
office for course outlines and schedules. 


Advanced Micro Devices was conceived on the premise that 
there was a place in the semiconductor community for a manu- 
facturer dedicated to excellence. This attitude is manifested in 
many ways throughout the structure of the company and has 
been maintained consistently throughout the life of AMD. In prod- 
uct assurance procedures, Advanced Micro Devices is unique. 
Only AMD processes all integrated circuits, commercial as well 
as military, to the demanding requirements of MIL-STD-883. The 
AmZ8000 microprocessors and its family of support devices are 
no exception; every component is 100% screened to MIL-STD- 
883, Method 5004, Class C. 
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Figure 1. The AmZ8000 Family. 
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PROCESSOR ARCHITECTURAL OVERVIEW 
INTRODUCTION 


The AmZ8000 is an advanced high-end 16-bit microprocessor 
designed to span a wide variety of applications. Its features allow 
it to be used effectively in complex, high-throughput systems, yet 
it remains efficient for simpler systems as well. The AmZ8000 is 
available in two versions: the AmZ8001 48-pin segmented CPU 
and the AmZ8002 40-pin non-segmented CPU. The difference 
between the two devices is the addressing range: the AmZ8001 
can directly address eight megabytes of memory per memory 
space and the AmZ8002 can directly address 65 kilobytes of 
memory per memory space. To meet the requirements of com- 
plex, memory intensive applications, the AmZ8010 Memory 
Management Unit offers logical-to-physical address translation 
and several memory protection features. 


The AmZ8000 has abundant CPU resources that include numer- 
ous registers, many data element types, a large instruction set 
and several addressing modes. Not only are the CPU resources 
abundant, but they exhibit a consistency and regularity not found 
in previous microprocessor architectures. Regularity of register 
organization, data types, instructions and addressing modes 
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greatly simplifies the programming process and reduces program 
length. 






Compiler, compiler-produced, and operating system code all run 
efficiently on the AmZ8000. The AmZ8000 supports compilers 
with features such as a consistent instruction set, large address 
space, relocation, multiple stacks and some specific instructions 
(Push, Pop, Increment, Test). 








Operating systems are supported by features such as system 
and normal modes, system and normal stacks, specific instruc- 
tions (System Call, Load Program Status and privileged instruc- 
tions), and by a sophisticated interrupt and trap structure. This 
structure includes three types of interrupts (non-maskable, non- 
vectored and vectored) and four types of traps (system calls, 
illegal instructions, privileged instructions and segment errors). 










Multi-microprocessor systems are supported in software by ex- 
clusion and synchronization instructions and in hardware by the 
Micro !n and Micro Out interface lines. 
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Processor Architecture 


CPU RESOURCES 


Not only must the address space of an advanced architecture by 
large, but its CPU resources must be abundant enough for the 
solution of large problems. 


Registers 


The AmZ8000 offers sixteen 16-bit general-purpose registers in 
addition to special system registers. All 16 general-purpose reg- 
isters may be used as accumulators and all but RO as index 
registers and stack pointers. The first eight registers (RO-R7) can 
be used as sixteen 8-bit byte registers. For operations requiring 
long words (32 bits), the general purpose registers are grouped in 
pairs (RRO-RR14). For certain 64-bit operands (i.e., multiplication 
and division with long words), the register set is grouped in 
quadruples (RQO-RQ12) to form 64-bit registers. 


The CPU instruction set supports seven main data types: bits, 
BCD digits, bytes, words (16 bits), long words (32 bits) byte 
strings and word strings. Additionally, many other data elements 
such as memory addresses, I/O addresses, segment table en- 
tries and program status words may also be manipulated. 


Stacks 


_The AmZ8000 allows data stacks to be located anywhere in 
memory. Push and Pop instructions allow any register (except 
RRO (AmZ8001) and RO (AmZ8002)) to be designated as data 
stack pointers. Call and Return instructions, as well as interrupts 
and traps use the (implied) linkage stack pointers. For the 
AmZ8001, the register pair RR14 (R14 and R15) is the linkage 
stack pointer, while for the AmZ8002 register R15 is the linkage 
stack pointer. 


The CPUs operate in one of two selectable modes: System and 
Normal. The System mode is sometimes called a Supervisor or 
Privileged mode and the Normal mode is sometimes known as 
User or Task or Nonprivileged mode. Separation from system 
information is provided by a dual set of linkage stack pointers. In 
the AmZ8001, the register pair R14’ and R15’ will be used in the 
System mode as the implied stack pointer, while the AmZ8002 
will use the R15’ register. Because the implied stack pointers are 
part of the general-purpose register group, the user can manip- 
ulate the stack pointers with any of the instructions available for 
register operation. 


Program Status Information 


This group of status registers contains the program counter (PC), 
the flag and control word (FCW) and the new program status area 
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| RESERVED 


pointer (NPSAP). When an interrupt or trap occurs, the Program 
Status registers (PC and FCW) are saved on the system stack. 


An Identifier that describes the reason for interruption is also 


saved. The NPSAP provides the memory location for loading new 
information into the PC and FCW registers. 


The CPU Control bits occupy the upper byte of the Flag and 


- Control Word. The bits may be read and loaded by the privileged 


LDCTL instruction. The Control bits are: 


~ SEG Segmented Mode Enable 
— S/N System or Normal Mode 
~ VIE Vectored Interrupt Enable 


— NVIE Non-Vectored Interrupt Enable 


The SEG bit indicates segmented operation in the AmZ8001 if set 
to 1. When the SEG bit is 0, the AmZ8001 is forced into non-seg- 
mented operation and will interpret all programs as non-seg- 
mented. In this mode, the AmZ8001 executes AmZ8002 non- 
segmented code. The AmZ8002 SEG bit is always set to 0 and 
cannot be altered by the programmer. 


The CPU Flags occupy the lower byte of the Flag and Control 
Word. The privileged instructions LDCTLB, RESFLG and 
SETFLG are used to load, read, set and clear the flags. The Flag 
bits are: 


—C_ Carry Result 

-Z Zero Result 

-— $ __ Sign Result 

~ P/V Even Parity or Overflow 
— DA Decimal Adjust 

—H_ Half Carry 


Interrupt and Trap Structure 


The AmZ8000 provides a flexible and powerful interrupt and trap 
structure. Interrupts are asynchronous events triggered by an 
external device requesting service, while traps are synchronous 
events occurring upon the execution of certain instructions. The 
AmZ8000 supports three types of interrupts (non-maskable, 
vectored and non-vectored) and four traps (system call, unim- 
plemented instruction, privileged instructions and segmentation 
trap). The vectored and non-vectored interrupts are maskable. 
When an interrupt or trap occurs, a 16-bit identifier (in addition to 
the PC and FCW registers) is pushed onto the system stack. 
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The identifier contains the reason for the trap or interrupt. For 

internal traps, the identifier is the first word of the trapped instruc- 

tion. For external traps or interrupts, the identifier is placed on the 
data bus by the interrupting or trapping peripheral. 


Memory Refresh 


The AmZ8000 CPUs contain a refresh counter for automatically 
refreshing dynamic memory. A 9-bit row counter can address up 
to 256 rows and thereby assures compatibility with the latest 64K 
dynamic memories. It is incremented by two each time the rate 
counter reaches end-of-count. The rate counter determines the 
time between successive refreshes and can be programmed 
from 1 to 64sec assuming a 4MHz CPU clock. The refresh 
mechanism can be disabled under software control. 


MOS-276 


Refresh Counter 





Large Addressing Space 


High-level languages, sophisticated operating systems, large 
data bases, large programs and decreasing memory prices are 
all accelerating the trend toward larger memories. The AmZ8000 
processors can directly address up to eight megabytes of mem- 
ory per address space. Four convenient, separate address 
spaces exist in both versions of the AmZ8000 processors: code 
and data for both the system mode and the normal mode. 


Each space is addressed by a 16-bit or 23-bit address. Thus the 
total system addressing for a user is 32M bytes for the AmZ8001 
and 256K bytes for the AmZ8002. Instructions are always ad- 
dressed on word boundaries (even-numbered addresses) while 
data is addressed by byte, word, long word, or quadruple word 
addresses. A specific bit can also be addressed within a byte or 
word address. 


The AmZ8000 also has a 16-bit I/O addressing space which is 
separate from the memory address space. An attractive comple- 
ment of single element !/O and block I/O instructions exist for 
bytes and words. 


Additionally, many useful memory management features, are 
provided by the AmZ8010 Memory Management Unit when used 
as a companion to the AmZ8001. These features will extend the 
life of the architecture by avoiding memory address limitations 
that have hampered microprocessors in the past. 


The only drawback of the long addresses required by the large 
addressing space is the larger size of the instructions and the 
need for register pairs for some addressing modes. This problem 
is minimized by segmented addressing features, the use of short 
addresses in many situations, relative addressing ability and by 
the availability of a large number of general-purpose registers. 


Memory Management 


AmZ8001 programs can directly access the entire address 


space. A full address mode is available where 23 bits are set 
aside within the instruction for the address. The AmZ8001 also 
offers a mode called short offset mode in which the same address 
can be expressed by 16 bits in many situations where the higher- 
order offset bits are zeros. 


Alternative methods commonly employ fixed internal registers 
that contain address extensions. Although these methods may 
use shorter instruction addresses, the byte savings are lost be- 
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cause many instructions are required to explicitly manage the 
contents of the registers. The AmZ8001 can use variations of 
these methods; however, it also provides direct addressing that 
removes the necessity for those extra instructions and unburdens 
the programmer from managing the register contents. 


Another important feature provided to the system designer is the 
ability to distinguish externally between System code and Normal 
code, and in both cases, to distinguish between instruction space 
and data space. If this feature is utilized, the AmZ8001 can 
address up to 32 megabytes of memory. Aided by system pro- 
grams, the memory management unit can help manage the large 
address space on behalf of the user. 


Segmentation is the mechanism provided to address the large 
amount of memory addressable by the AmZ8001. A segmented 
address is made of two parts: a segment number and an offset 
value. The AmZ6G01 can Gesignaie up to 128 scgments that 
reference areas of memory variable in size from 256 bytes to 64 
kilobytes, in increments of 256 bytes. 


The only difference between running segmented or non-seg- 
mented code is the number of bytes per address and the number 
of registers used for full addresses. Code written for the non- 
segmented AmZ8002 can run in one segment of the segmented 
AmZ8001. Thus, full compatibility exists between the two 
versions. 


The AmZ8010 Memory Management Unit essentially doubles the 
silicon area available for the processor function (and adds pins as 
well). Hence, it also doubles the hardware available to the de- 
signer for implementing more high-end features than otherwise 
would have been possible. Some of these features include vari- 
able sized segments, more sophisticated dynamic memory relo- 
cation and several types of memory protection attributes. 


Addresses manipulated by the programmer are called logical 
addresses. The MMU translates these logical addresses to 
physical addresses required for accessing the memory. This 
address transformation makes user software addresses inde- 
pendent of the actual physical memory thus freeing the user from 
specifying where information is actually located in memory. The 
translation table in the Memory Management Unit associates the 
7-bit segment number with the base address of the physical 
memory segment. The 16-bit offset portion of the logical address 
from the CPU is added to the physical base address to obtain the 
actual physical address. The system may dynamically reload 
translation tables as tasks are created, suspended, or changed. 
Memory protection features prevent illegal uses of segment, such 
as writing into a write-protected zone. Several Memory Manage- 
ment Units may be used with a single CPU. 
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Instructions 


Compared to other microprocessors or to 16-bit minicomputers, 
the number and power of individual instructions has been greatly 
increased. Over 110 distinct instruction types are available with 
the AmZ8000. Byte, word and long-word data elements can be 
processed by all the core instructions. Each instruction, with few 
exceptions, can use most of the addressing modes. Over 410 
meaningful combinations of instruction types, data elements and 
addressing modes are available. 


The instruction set provides nine basic instruction groups: Load 
and Exchange, Arithmetic, Logical, Program Control, Bit Manip- 
ulation, Shift and Rotate, String Manipulation, CPU Control, and 
Input/Output. Instructions vary in length from one to five words 
depending on the operation and addressing mode. String and 
block move instructions are interruptable to enhance response 


time. Also provided are signed-multiply and signed-divide in- 


structions implemented in hardware for both 16-bit and 32-bit 
values. 


The instruction set provides several user-selectable addressing 
modes including five main modes: Register (R), Indirect Register 
(IR), Direct Address (DA), Indexed (X) and Immediate (IM). For 
certain instructions, there are other modes: Base Address (BA), 
Base indexed (BX), Relative Address (RA), Autoincrement and 
Autodecrement. 


Code Density 


For a given hardware technology, microprocessor speed is 
largely dependent on the number of executed instruction words 
needed for a particular function. Therefore, code density be- 
comes an important issue in high-performance systems. The 
Am2Z8000 offers several advantages in this respect. 


The number of words required to specify frequently executed 
instructions has been minimized. A special group of high fre- 
quency instructions has been designed into single words. This 
not only improves speed, but increases code density as well. 


A short offset mechanism is also designed to allow certain 23-bit 
addresses to be reduced to a single word. It can be automatically 
invoked by assemblers and compilers. 


Additional large improvements in program size and speed result 
from the consistent and regular architecture, and the greater 
power of the instruction set. These factors allow fewer instruc- 
tions to accomplish a given task. 


Compiler Efficiency 


It is tempting to adapt a computer architecture that efficiently 
executes a particular high-level language. Any special-purpose 
match between an architecture and a language is efficient for that 
language, but most likely inefficient for unrelated languages. 
Since the AmZ8000 is a general-purpose microprocessor, gen- 
eral language support has been provided through the inclusion of 
features that ease typical compilation and code-generation 
problems for all high-level languages. 


Among these features is the regularity of the AmZ8000 addres- 
sing modes, registers and data element types. In addition, any 


register can be used as a data stack pointer with the Push and 
Pop instructions. Segmentation and relocation are useful fea- 
tures for high-level language procedure implementation. Proce- 
dure parameter passing is aided by these features as well as by 
special increment and decrement instructions which are useful in 
stack frame allocation and de-allocation. Base Address and Base 
Indexed addressing modes are also useful for stack frames. 
Useful testing and comparison of data, logical evaluation and 
initialization are made very efficient by several special instruction 
types. Compilers and assemblers handle character blocks quite 
frequently and the string manipulation instructions provide un- 
usual efficiency compared to software simulations of these im- 
portant tasks. 


Operating System Support 


Interrupt and task-switching features are included to improve: 
operating system implementations. The memory-management 
and compiler-support features also contribute effectiveness in 
this environment. 


The interrupt structure has three levels: non-maskable, non- — 
vectored and vectored. When an interrupt occurs, the program 
status is saved on the stack with an indication of the reason for 
this state switching. A new program status is then loaded from 
memory and execution proceeds using the new Program 
Counter. In the case of a vectored interrupt, each vector points to 
a unique new Program Counter, providing direct access to par- 
ticular service routines. 


The System/Normal partition improves operating system integrity 


and organization. In the System mode, all operations are allowed; 
in the Normal mode, certain system instructions are prohibited. 
The System Call instruction allows a controlled switch of mode, 
and the implementation of traps enforces these restrictions. Dual 
linkage stack pointers also support the System/Normal partition. 


Traps result in the same type of program status saving as inter- 
rupts; in both cases, the information saved is pushed on the 
system linkage stack and keeps the normal stack undisturbed. 
The Load Multiple instruction allows the contents of any group of 
the general registers to be saved and restored efficiently in mem- 


‘ory. Running system programs can cause selective or general 


program status changes under direct software control. 
Finally, exclusion. and serialization can be achieved with the 
“atomic” Test and Set instruction that synchronizes cooperating 
processes. 


Multiprocessor Support 


The AmZ8000 exclusion/serialization mechanism is designed for 
multimicroprocessor systems. Any CPU in a multiprocessor sys- 
tem can exclude all other asynchronous CPUs from any critical 
shared resource by using the Micro In (ul) input and Micro Out 
(O) output in conjunction with several coordinating instructions. 


In addition, the large address space of the AmZ8000 proves to be 
a beneficial feature in most multiprocessor systems. 
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SYSTEM ARCHITECTURE OVERVIEW 
INTRODUCTION _ 
The AmZ8000 CPU and peripheral device family support a vari- 


ety of interface exchanges. The AmZ8000 processors are de- © 


signed to handle five basic types of transfers: memory opera- 
tions, I/O operations, resource request daisy chain, bus request 
daisy chain and interrupt request daisy chain. These interface 
exchanges share most of a common set of control signals. Most 
of the AmZ8000 peripherals use a similar control structure and 
some subset of the five basic transfer types. Some of the features 
of the system structure are: 


Juxtaposition and coordination of five different buses. 
Transparent bus for asynchronous peripheral operations. 


Mulisioxed 1/O and memory crerations. 


Multiplexed Address and Data transfers. 

Full parallel! 23-bit addresses. 

Preemptive interrupt daisy chains. 

Interrupt protocol allows vectors for peripheral identification. 
Resource allocation uses exclude/grant daisy chain. 

Bus requests use daisy chain for contention resolution. 


Memory Operations 


The AmZ8000 CPU offers a powerful combination of memory 
access techniques to a word organized memory. The CPU distin- 
guishes between instructions, data and stack entries in both 
System and Normal modes and outputs a combination of status 
and bus timing signals. The status lines consist of four outputs 
which indicate the type of bus access; a Normal/System line to aid 
in selecting system or user memory space; a Byte/Word output 
line to allow addressing of an individual byte or a 16-bit word; and 
the Read/Write output indicating the direction of data flow. 

Both versions of the AmZ8000 exhibit the identical set of status 
lines thereby allowing convenient access to separate 64K byte 
address spaces: system code, normal code, system data, nor- 
mal data. The AmZ8001, through its additional seven segment 
number outputs allows extension of its address spaces to 8M 
bytes each. The AmZ8010 Memory Management Unit can further 
enhance memory space usage and allocation in the AmZ8001. 
The MMU offers the capability of generating.a 24-bit physical 
address from the 23-bit logical addresses emitted by the CPU. 
Thus the AmZ8001 can directly address any 8M bytes within a 
16M byte physical memory. Furthermore, memory address seg- 
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Figure 1. Typical Memory Organization. 
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Status Line Codes 


Internal operation 
Memory refresh 
/O reference 
Special I/O reference 
Segment trap acknowledge 
Non-maskable interrupt acknowledge 
Non-vectored interrupt acknowledge 
Vectored interrupt acknowledge 
Data memory request 
Stack memory request 
Fiogiain feierence, TiN WorG 
Instruction fetch, first word — 


ST3-STO 










ments can be of any size that is a multiple of 256 bytes and may 
overlap. Each Memory Management Unit may translate up to 64 
address segments. If more segments are required, several Mem- 
ory Management Units may simply be paralleled. 


The AmZ8000 bus timing signals consisting of three signals: 
MREQ whose level indicates a memory or I/O type transfer; AS 
which is an address strobe (an address is indicated valid by its 
rising edge); and DS which is the data strobe (data read or written 
is also indicated valid by the rising edge of DS). A typical memory 
fetch cycle occurs within three CPU clock cycles thereby allowing 
the usage of moderate access time memories for price/perfor- 
mance enhancement. A WAIT bus control input is also available 
on the CPU thus allowing even slower memory operation. 


/O Operations 


I/O operations between the AmZ8000 CPU and its peripherals 
are transacted on the same multiplexed address/data bus lines 
and are distinguished only by status outputs. (MREQ HIGH 
specifies an I/O operation while status lines STO-ST3 specify 
either a standard I/O address space or a special 1/O address 
space: for example, an AmZ8010 MMU.) The I/O address space 
can, therefore, be two separate 16-bit address spaces, in addition 
to the memory space, if the status lines are decoded in conjunc- 
tion with MREQ signal. The large !/O address space allows great 
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Figure 2. AmZ8010 Managed Segmented Memory. 




















System Architecture 


versatility for accessing intensive register oriented peripher- 
als: AmZ8000 -peripherals typically follow the philosophy of al- 
lowing read and write operations to all their internal registers. 


1/O mapped 8-bit peripherals can be located on either the upper or 
lower half of the address/data bus for data transfers; the 
AmZ8000 CPU duplicates a data byte on both halves of the bus 
when executing a byte write I/O operation. 


A byte read I/O operation follows the same principle as byte read 
memory operations: Odd addresses refer to the low-order byte 
(ADO-AD7 bus) and even addresses to the high-order byte 
(AD8-AD15 bus). 
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Figure 3. Memory Read and Write Timing. 


Interrupt Daisy Chain Protocol 


An interrupt daisy chain protocol enables peripherals to act as 
slaves to the CPU. In contrast to I/O transactions which occur on 
the data bus in an orderly fashion; each peripheral, with interrupt 
capability, may attempt to use it simultaneously with another 
interrupting device. A daisy chain link between peripherals im- 
plements a distributed arbitration policy between interrupt re- 
quests to achieve an orderly, prioritized sharing of the CPU’s 
resources. | 


The majority of the AmZ8000 family peripherals have the ability to 
request interrupts due to several internal reasons (for example, 
the AmZ8036 CIO can have three reasons to interrupt and the 
AmZ8030 SCC, eight). The peripheral itself contains an internal 
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Eight and 16-bit wide peripherals can be intermixed on the same 
bus, as the AmZ8000 provides both byte and word 1/O oriented 
instructions, as well as Block I/O instructions for rapid data trans- 
fers (i.e., I/O peripheral register initialization). 


AmZ8000 peripherals are not required to be synchronous with the 
CPU, because no clock is transmitted. AS and DS strobe signals 
provide the timing. In addition, the CPU inserts an automatic wait 
state whenever an I/O operation is performed. Additional wait 
states can be inserted by a slow peripheral by activating the 
AmZ8000 CPU wait status input. 
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interrupt structure for prioritizing its internal interrupt request 
sources; for requesting service according to its priority status 
among other peripherals sharing the system bus; for outputting a 
proper vector identification, with or without additional status bits, 
when acknowledged by the CPU. The 8-bit vector allows efficient 
program transfers to the appropriate service routine without addi- 
tional polling of the peripheral by the CPU. The peripheral self- 
vectoring and daisy chain prioritizing precludes the requirement 
for an additional interrupt controller device in the system. 


The AmZ8000 CPU recognizes three interrupt inputs (non-mask- 
able, vectored,'and non-vectored), and a segmentation trap input 
(normally intended to be generated by an AmZ8010 MMU). 


System Architecture 


Interrupt inputs are asynchronous, and the interrupt acknowledge To ensure data integrity and proper settling of IEO signals in the 
is decodable from the STO-ST3 status lines for each interrupt daisy chain link, the AmZ8000 CPU automatically inserts five wait 
type. An explicit completion code must be emitted by the CPU to states following interrupt acknowledge and before asynchron- 
terminate some peripheral’s interrupt service. An appropriate I/O ously strobing in the peripheral’s identification vector (“Iden- 
instruction easily accomplishes it. tifier’). The peripheral may activate the CPU’s WAIT line and 


cause additional wait cycles, if required. 
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Figure 6. CPU Interrupt and Segment Trap Request Acknowledge Timing. 
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Peripheral Internal Interrupt Protocol 


In general, AmZ8000 family peripherals have three bits for control 
and status of the internal interrupt logic: an Interrupt Pending bit, 
an Interrupt Under Service bit and an Interrupt Enable bit. For a 
multisourced internal interrupt structure, the three above bits are 
duplicated for each interrupt source, and the interrupt sources are 
internally prioritized. Lower priority peripherals in the daisy chain 
link are disabled by the status of another internal list: Disable 
Lower Chain bit. The peripheral will output a vector for interrupt 
source identification, when acknowledged by the CPU, according 
to the status of its No Vector bit. The 8-bit vector (usually defined 
by an internally programmed register) may include status infor- 
mation as specified by the Vector Include Status bit. 


Resource Request Chain Protocol 


Multimicroprocessor systems are well supported in hardware and 
software. Resources, like buses with their associated peripherals 
or common memories, are easily shared in an orderly and expe- 
dient fashion by several CPUs in a system. In general, the re- 
source user need not be a CPU (i.e., it could be an I/O Channel 
Processor, an Arithmetic Processor, etc.) as long as it can imple- 
ment a meaningful resource sharing protocol. This is in contrast 
to a bus request chain (i.e., DMA operations) in which system 
exists a default master and a defined bus with a tailored protocol. 
The AmZ8000 CPU supports resource protoco! with two 
hardware pins: the MultiMicro Out (40) to issue requests for the 
resource and the MultiMicro In (u1) to recognize or test the state 
of the resource. Four special instructions allow the CPU to test 
and request a resource, and to exciude or allow other users to the 
resource. These functions are particularly interesting with the 


USERS 


AmZ8001/2 
CPU 


eight megabyte AmZ8001 CPU address space capability for mul- 
tiple microprocessor systems with large shared memory 
requirements. 


A resource request protocol is easily implemented in hardware 
through simple SSI logic where each resource user is connected 
to the resource-sharing system by four unidirectional lines. 


Unlike an interrupt or bus request chain no user is a default 
master and no user can therefore be preempted. The resource 
request protocol uses the request algorithm described below: 


1. Auser process checks the status of the uST (resource status) 
line to see if the resource is busy. (The AmZ8000 CPU would 
look at its I input pin via the privileged MBIT instruction.) 

2. If the uST line is active, then another user is either using the 
resource or is in the process of requesting it. In both cases, the 
resource request is terminated with the indication of a busy 
resource via internal flag. This implements the policy of no 
preemption. 

3. If the wST line is not active, then the user: 

a. Activates its wRQ line (uO output on the AmZ8000) and, 

b. Waits for a finite delay (the AmZ8000 CPU MREQ instruc- 
tion computes the delay by decrementing a 16-bit register). 
The delay is required in the case of several users request- 
ing access to a particular resource. In this case, the daisy 
chain link lines («Al, ~AO) in the resource arbitration logic 
resolves the conflict by granting the resource to the highest 
priority requestor. 

c. Tests the »Al — if active, then the resource is granted (the 
AmZ8000 again sets an internal flag); otherwise, the re- 
quest is terminated. 
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Figure 7. Multimicro Resource Daisy Sharing Chain Link. MOS-284 
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Bus Request Chain Protocol 


Typical data bus transactions follow a master/slave protocol be- 
tween the AmZ8000 CPU and its peripherals. The CPU is the 
default bus master and does not require arbitration to access the 
bus. Some complex peripherals, like the AmZ8016 DMA, may 
require to obtain bus mastership in order to perform more com- 
plex bus transactions than the typical peripheral. 


A Bus Request protocol is easily implemented to orderly request 
the AmZ8000 CPU to grant its bus mastership to one of several 
peripherals capable of commanding the bus. A daisy chain link 
priority resolution among bus requestors, along with a bus re- 
quest protocol, forms an efficient bus mastership transfer. As 
common to most microcomputers, the AmZ8000 CPU recognizes 
asynchronous bus requests on its BUSRQ input pin, and grants it 
upon completion of the current machine cycle by causing its 
address/data, control and status outputs to go to high impedance 
and its BUSAK output pin to become active. 


The algorithm for bus priority and request for bus requestors is as 
follows: 


1. The requestor looks at its BRQ line to see if it is active. The 
BRQ line is bidirectional. 

2. If the BRQ line is active, then the requestor waits. This imple- 
ments the policy of non-preemption, since another peripheral 
could be in process of using or requesting the bus. 

3. Ifthe BRQ line is inactive, then the requestor activates its BRQ 
output and waits for its BAI input to go active. Upon BAI active, 
the requestor deactivates its BAO output (as opposed to let- 
ting the BAI input to ripple-thru to the BAO output), and takes 
contro! of the bus. | 
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Figure 8. Bus Request Chain Link. 


System Architecture 


It is easy to see how the daisy chain link among peripherals is 
implemented to determine peripheral bus mastership priority. 


Typical System Structures 


The complexity of an AmZ8000 system mainly depends on the 
application and the needs of the user. Interface peripheral and 
memory devices can vary widely upon this complexity. At various 


stages of complexity, different types of system interface logic 


must be used depending on the loading requirements. A 
minimum AmZ8002 system is shown in Figure 9. The AmZ8002 
CPU can drive one standard TTL load. An AmZ8127 clock 
generator is used to provide the system clock. Since the 
address and data are multiplexed together, an AmZ8173 octal 
latch is used to latch the addresses. Status is decoded by a 
Am74LS139 decoder. If loading exceeds one TTL load, butters 
should be used as in Figure 10. On the data bus, two AmZ8104s 
are used to provide 16 bidirectional data lines. While an AmZ8144 
buffer is used to give extra fan-out to the control signals. Direct 
addressing is available up to 64K bytes. 


In Figure 11, an AmZ8001 segmented CPU is shown with the 
AmZ8010 Memory Management Unit. The AmZ8010 extends the 
memory into 64 segments where each segment can vary be- 


~ tween 256 to 64K bytes. Without the AmZ8010, the AmZ8001 


CPU can only access 8M bytes directly. This example can drive 
only TTL load. More drive capability could be added as in Figure 
12. The buffering example is the same as Figure 11 with the 
exception of the AmZ8010 and the AmZ8144 to buffer the seg- 
ment addresses. 
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Figure 9. Simple AmZ8002 System Requires Few MSI Circuits, but has Limited Drive Capability. 
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Figure 11. Simple AmZ8001 System with MMU. 
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Figure 12. Fully Buffered AmZ8001 System with MMU. 
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16-Bit Microprocessor 


PRELIMINARY DATA 


DISTINCTIVE CHARACTERISTICS 


Sixteen general purpose registers 

Direct addressing up to 8MB segmented memory 
Software compatible with AmZ8002 microprocessor 
Powerful instructions with flexible addressing modes 
Privileged/Non-Privileged mode of operation 
Sophisticated interrupt structure 

On-chip memory refresh facility 

TTL compatible inputs and outputs 

Single phase clock 

Single +5V power supply 

48-pin package 


LOGIC SYMBOL 
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GENERAL DESCRIPTION 


The AmZ8001 is a general-purpose 16-bit CPU belonging to the 
AmZ8000 family of microprocessors. Its architecture is centered 
around sixteen 16-bit general registers. The CPU deals with 
23-bit address spaces and hence can address directly 8MB of 
memory. The 23-bit address consists of two components: 7-bit 
segment number and 16-bit offset. Facilities are provided to 
maintain three distinct address spaces — code, data and stack. 
The AmZ8001 implements a powerful instruction set with flexible 
addressing modes. These instructions operate on several data 
types — bit, byte, word (16-bit), long word (32-bit), byte string 
and word string. The CPU can execute instructions in one of two 
modes — System and Normal. Sometimes these modes are also 
known as Privileged and Non-Privileged, respectively. The CPU 
also contains an on-chip memory refresh facility. The AmZ8001 
is software compatible with the AmZ8002 microprocessor. The 
AmZ8001 is fabricated using silicon-gate N-MOS technology 
and is packaged in a 48-pin DIP. The AmZ8001 requires a single 
+5 power supply and a single phase clock for its operation. 
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ORDERING INFORMATION 





Package 





Hermetic DIP 


Ambient 
Type Temperature 


0°C < Ta < 70°C AmZ8001DC 





Maximum Clock Frequency 
4MHz 
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INTERFACE SIGNAL DESCRIPTION 


Voc: +5V Power Supply 
Vss: Ground 


ADO-AD15: Address/Data Bus (Bidirectional, 3-State) 


This 16-bit multiplexed address/data bus is used for all I/O and 
memory transactions. HIGH on the bus corresponds to 1 and 
LOW corresponds to 0. ADO is the least significant bit position 
with AD15 is most significant. The AS output and DS output will 
indicate whether the bus is used for address offset or data. The 
status output lines STO-ST3 will indicate the type of transaction; 
memory or 1/O. 


AS: Address Strobe (Output, 3-State) 


LOW on this output indicates that the ADO-AD15 bus contains 
address information. The address information is stable by the 
time of the LOW-to-HIGH transition of the AS output (see timina 
diagrams). The status outputs STO-ST3 indicate whether the bus 
contains a memory address or I/O address. 


DS: Data Strobe (Output, 3-State) 


LOW on this output indicates that the ADO-AD15 bus is being 
used for data transfer. The R/W output indicates the direction of 
data transfer — read (or in) means data into the CPU and write 
(or out) means data from the CPU. During a read operation, data 
can be gated on to the bus when DS goes LOW. A LOW-to- 
HIGH transition on the DS output indicates that the CPU has 
accepted the data (see timing diagram). During a write opera- 
tion, LOW on the DS output indicates that data is setup on the 
bus. Data will be removed sometime after the LOW-to-HIGH 
transition of the DS output (see timing diagram). 


R/W: Read/Write (Output, 3-State) 


This output indicates the direction of data flow on the ADO-AD15 
bus. HIGH indicates a read operation, i.e., data into the CPU 
and LOW indicates a write operation, i.e., data from the CPU. 
This output is activated at the same time as AS going LOW and 
remains stable for the duration of the whole transaction (see 
timing diagram). 


B/W: Byte/Word (Output, 3-State) 


This output indicates the type of data transferred on the 
ADO-AD15 bus. HIGH indicates byte (8-bit) and LOW indicates 
word (16-bit) transfer. This output is activated at the same stage 
as AS going LOW and remains valid for the duration of the whole 
transaction (see timing diagram). The address generated by the 
CPU is always a byte address. However, the memory is or- 
ganized as 16-bit words. All instructions and word operands are 
word aligned and are addressed by even addresses. Thus, for 
all word transactions with the memory the least significant ad- 
dress bit will be zero. When addressing the memory for byte 
transactions, the least significant address bit determines which 
byte of the memory word is needed; even address specifies the 
most significant byte and odd address specifies the least sig- 
nificant byte. In the case of I/O transactions, the address infor- 
mation on the ADO-AD15 bus refers to an I/O port and B/W 
determines whether a data word or data byte will be transacted. 
During I/O byte transactions, the least significant address bit AO 
determines which half of the ADO-AD15 bus will be used for the 
I/O transactions. The STO-ST3 outputs will indicate whether the 
current transaction is for memory, normal I/O or special 1/O. 


STO-ST3: Status (Outputs, 3-State) 


These four outputs contain information regarding the current 
transaction in a coded form. The status line codes are shown in 
the following table: . 
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ST3 ST2 ST1 STO 
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Internal Operation 

Memory Refresh 

Normal I/O Transaction 

Special I/O Transaction 

Segment Trap Acknowledge 
Non-Maskable Interrupt Acknowledge 
Non-Vectored Interrupt Acknowledge 
Vectored Interrupt Acknowledge 
Memory Transaction for Operand 
Memory Transaction for Stack 


Reserved 
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Reserved 


Memory Transaction for Instruction 
Fetch (Subsequent Word) 


a 
<= 
- 
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Memory Transaction for Instruction 
Fetch (First Word) 


c 
Be 
< 


H 
H 


H 
H 


Reserved 


Reserved 


WAIT: Wait (Input) 


LOW on this input indicates to the CPU that memory or I/O is not 
ready for the data transfer and hence the current transaction 
should be stretched. The WAIT input is sampled by the CPU at 
certain instances during the transaction (see timing diagram). If 
WAIT input is LOW at these instances, the CPU will go into wait 
state to prolong the transaction. The wait state will repeat until 
the WAIT input is HIGH at the sampling instant. 


N/S: Normal/System Mode (Output, 3-State) 


HIGH on this output indicates that the CPU is operating in Nor- 
mal Mode and LOW indicates operation in System Mode. This 
output is derived from the Flag Control Word (FCW) register. 
The FCW register is described under the program status infor- | 
mation section of this document. | 


MREQ: Memory Request (Output, 3-State) 


LOW on this output indicates that a CPU transaction with mem- 
ory is taking place. 


BUSRQ: Bus Request (Input) 


LOW on this input indicates to the CPU that another device 
(such as DMA) is requesting to take control of the bus. The 
BUSRQ input can be driven LOW anytime. The CPU syn- 
chronizes this input internally. The CPU responds by activating 
BUSAK output LOW to indicate that the bus has been relin- 
quished. Relinquishing the bus means that the ADO-AD15, AS, 
DS, B/W, R/W, N/S, STO-ST3, SNO-SN6 and MREQ outputs will be 
in the high impedance state. The requesting device should contro! 
these lines in an identical fashion to the CPU to accomplish 
transactions. The BUSRQ input must remain LOW as long as 
needed to perform all the transactions and the CPU will keep the 
BUSAK output LOW. After completing the transactions, the de- 
vice must disable the ADO-AD15, AS, DS, B/W, R/W, N/S, 
ST0O-ST3, SNO-SN6 and MREQ into the high impedance state 
and stop driving the BUSRQ input LOW. The CPU will make 
BUSAK output HIGH sometime later and take back the bus 
control. 


BUSAK: Bus Acknowledge (Output) 


LOW on this output indicates that the CPU has relinquished the 
bus in response to a bus request. 





























NMI: Non-Maskable Interrupt (input) 


HIGH to LOW transition on this input constitutes non-maskable 
interrupt request. The CPU will respond with the Non-maskable 
Interrupt Acknowledge on the STO-ST3 outputs and will enter an 
interrupt sequence. The transition on the NMI can occur any- 
time. Of the three kinds of interrupts available, the non-mask- 
able interrupt has the highest priority. 


Vi: Vectored Interrupt (Input) 


LOW on this input constitutes vectored interrupt request. Vec- 
tored interrupt is next lower to the non-maskable interrupt in 
priority. The VIE bit in the Flag and Control Word register must 
be 1 for the vectored interrupt to be honored. The CPU will 
respond with Vectored Interrupt Acknowledge code on the 
STO-ST3 outputs and will begin the interrupt sequence. The VI 
input can be driven LOW anytime and should be held LOW uniti 
acknowledged. 


NVI: Non-Vectored Interrupt (Input) 


LOW on this input constitutes non-vectored interrupt request. 
Non-vectored has the lowest priority of the three types of inter- 
rupts. The NVIE bit in the Flag and Control Word register must 
be 1 for this request to be honored. The CPU will respond with 
Non-Vectored Interrupt Acknowledge code on the ST0-ST3 out- 
puts and will begin the interrupt sequence. The NVI input 
can be driven LOW anytime and should be held LOW until 
acknowledged. 


zl: Micro-In (Input) 


This input participates in the resource request daisy chain. See 
the section on multimicroprocessor support facilities in this 
document. 


pO: Micro-Out (Output) 


This output participates in the resource request daisy chain. See 
the section on multimicroprocessor support facilities in this 
— document. 


RESET: Reset (Input) 


LOW on this input initiates a reset sequence in the CPU. See the 
section on Initialization for details on reset sequence. 


CLK: Clock (Input) 


All CPU operations are controlled from the signal fed into 
this input. See DC characteristics for clock voltage level 
requirements. 


DECOUPLE: (Output) 
Output from the on-chip substrate bias generator. Do not use. 


STOP: Stop (Input) 


This active LOW input facilitates one instruction at a time opera- 
tion. See the section on single stepping. 


SNO-SN6: Segment Number (Outputs, 3-State) 


These seven outputs contain the segment number part of a 
memory address. A HIGH on the output corresponds to 1 anda 
LOW corresponds to 0. SNO is the least significant bit position 
and SN6 is the most significant bit position. 


SEGT: Segment Trap (Input) 


LOW on this input constitutes a segment trap request. If the line 
is driven LOW, the CPU will respond with the Segment Trap 
Acknowledge code on the Status lines, and commence a trap 
sequence. The SEGT input may be driven LOW at any time and 
is customarily held LOW until acknowledged. This input has 
priority over the interrupts. 
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PROCESSOR ORGANIZATION 


The following is a brief discussion of the AmZ8001 CPU. For 
detailed information, see the AmZ8001/AmZ8002 Processor In- 
struction Set Manual (Publication No. AM-PUBO86). 


GENERAL PURPOSE REGISTERS ~ 


The CPU is organized around sixteen 16-bit general purpose 
registers RO through R15 as shown in Figure 1. For byte opera- 
tions, the first eight registers (RO through R7) can also be ad- 
dressed as sixteen 8-bit registers designated as RLO, RHO and 
so on to RL7 and RH7. The sixteen registers can also be 
grouped in pairs RRO, RR2 and so on to RR14 to form eight long 
word (32-bit) registers. Similarly, the sixteen registers can be 
grouped in quadruples RQO, RQ4, RQ8 and RQ12 to form four 
64-bit registers. 
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Figure 1. AmZ8001 General Registers. 
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STACK POINTER 


The AmZ8001 architecture allows stacks to be maintained in 
memory. Any general-purpose register pair except RRO can be 
used as a stack pointer in stack manipulating instructions such 
as PUSH and POP. The designated register pair holds a 23-bit 
segmented address. Certain instructions (such as subroutine 
call and return) make implicit use of the register pair RR14 as the 
stack pointer. Two implicit stacks are allowed — normal stack 
using RR14 as the stack pointer, and system stack using RR14’ 
as the system stack pointer (see Figure 1). If the CPU is operat- 
ing in the Normal Mode, RR14 is active, and if the CPU is in 
System Mode, RR14’ will be used instead of RR14. The implied 
stack pointer is a part of the general registers and hence can be 
manipulated using the instructions available for register 
operations. 
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Figure 2. AmZ8001 Processor Status. 


PROCESSOR STATUS 


The CPU status consists of the 16-bit flag and control word 
(FCW) register, and the 23-bit program counter (see Figure 2). A 
reserved word is also included for future expansion. The follow- 
ing is a brief description of the FCW bits. 


SEG: Segmented/Non-Segmented Bit. Indicates whether the 
AmZ8001 is running in segmented or non-segmented 
mode. 1 indicates segmented, 0 indicates non-seg- 
mented. See the section on non- segmented mode, 
elsewhere in this document. 


S/N: System/Normal — 1 indicates System Mode and 0 indi- 
cates Normal Mode. 

VIE: Vectored Interrupt Enable — 1 indicates that Vectored 
Interrupt requests will be honored. 

NVIE: Non-Vectored Interrupt Enable — 1 indicates that Non- 
vectored interrupt requests will be honored. 

C: Carry — 1 indicates that a carry has occurred from the 
most significant bit position when performing arithmetic 
operations. 

2: Zero — 1 indicates that the result of an operation is zero. 

S: Sign — 1 indicates that the result of an operation is nega- 
tive i.e., most significant bit is one. 

P/V: Parity/Overflow — 1 indicates that there was an overflow 
during arithmetic operations. For byte logical operations 
this bit indicates parity of the result. | 

DA: Decimal Adjust — Records byte arithmetic operations. 

H: Half Carry — 1 indicates that there was a carry from the 
most significant bit of the lower digit during byte 
arithmetic. 

DATA TYPES 


The AmZ8001 instructions operate on bits, digits (4 bits) bytes 
(8 bits), words (16 bits), long words (32 bits), byte strings and 
word strings type operands. Bits can be set, reset or tested. 
Digits are used to facilitate BCD arithmetic operations. Bytes are 
used for characters and small integers. Words are used for in- 
teger values and addresses while long words are used for large 
integer values and addresses. All operands except strings can 
reside either in memory or genera registers. Strings can reside in 
memory only. 


INTERRUPT AND TRAP STRUCTURE 


Interrupt is defined as an external asynchronous event requiring 
program interruption. For example, interruption is caused by a 
peripheral needing service. Traps are synchronous events re- 
sulting from execution of certain instructions under-some de- 
fined circumstances. Both interrupts and traps are handled in a 
similar manner by the AmZ8001. 


The AmZ8001 supports three types of interrupts in order of de- 
scending priority — non-maskable, vectored and non-vectored. 
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The vectored and non-vectored interrupts can be disabled by 
appropriate control bits in the FCW. The AmZ8001 has four 
traps — system call, segment trap, unimplemented opcode and 
privileged instruction. The traps have higher priority than 
interrupts. 


When an interrupt or trap occurs, the current program status is 
automatically pushed on to the system stack. The program 
status consists of processor status (i.e., PC and FCW) plus a 
16-bit identifier. The identifier contains the reason, source and 
other coded information relating to the interrupt or trap. 


After saving the current program status, the new processor 
status is automatically loaded from the new program status area 
located in the memory. This area is designated by the New 
Program Status Area Pointer (NPSAP) register. See AM- 
PUBO86 publication for further details. 


SEGMENTED ADDRESSING 


The AmZ8001 can directly address up to 8MB of memory space, 
using a 23-bit segmented address. The memory space is di- 
vided up into 128 segments, each up to 64KB in size. The upper 
seven bits of address designate the segment number, and are 
available on the SNO-SN6 outputs during a memory transaction. 
See the section on memory transactions for details. 


The lower sixteen bits of address designate an offset within the 
segment, relative to the start of the segment, and are available 
on ADO-AD15 during part of the memory transaction. See the 
section on memory transactions for details. 


The segmented address may be stored as a long word in mem- 
ory, or in a register pair. The segment number and offset can be 
manipulated separately or together, by suitable use of the in- 
struction set. 


When the segmented address is contained in code space, a short 
offset format may be adopted. The segmented address is stored 
as one word, seven bits of segment number and eight bits of 
offset. Figure 3 shows the format for segmented addresses. 


ADDRESSING MODES 


Information contained in the AmZ8001 instructions consists of 
the operation to be performed, the operand type and the location 
of the operands. Operand locations are designated by general 
register addresses, memory addresses or I/O addresses. The 
addressing mode of a given instruction defines the address 
space referenced and the method to compute the operand ad- 
dress. Addressing modes are explicitly specified or implied in an 
instruction. Figure 4 illustrates the eight explicit addressing 
modes: Register (R), Immediate (IM), Indirect Register (IR), Di- 
rect Address (DA), Indexed (X), Relative Address (RA), Base 
Address (BA) and Base Indexed (BX). 
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Figure 3. Segmented Address Formats. 
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When an effective segmented address is being computed ac- 
cording to the designated addressing mode, the segment 
number is not affected by any carry from the 16-bit offset. 


NON-SEGMENTED MODE ON THE AmZ8001 


The AmZ8001 can execute code designed to run on the non- 
segmented AmZ8002. This is achieved by changing the mode of 
execution of the AmZ8001 from segmented to non-segmented 
by writing a 0 to the SEG bit in the FCW. (See the section on 
processor status.) The change to non-segmented mode sets up 
a suitable environment for running non-segmented code. How- 
ever, this environment only exists within the code segment that 
caused the change of mode from segmented to non-segmented. 


SNO-SN6 will continue to indicate the code segment. until a 
reset, interruption or return to segmented mode is encountered. 


The effects of the non-segmented mode of operation on the 
AmZ8001 are described below. 


a) The AmZ8001 will interpret instruction length as if it was a 
non-segmented AmZ8002. pts. 

b) The AmZ8001 will implement address computation in an 
identical manner to the AmZ8002. 


Other CPU functions, such as interrupt and trap handling, reset 
and stack pointer manipulation are unaltered. These functions 
are characterized by the type of CPU, not by the state of the 
SEG bit in the FCW. eee a 


INPUT/OUTPUT 


A set of I/O instructions are provided to accomplish byte or word 
transfers between the AmZ8001 and I/O devices. I/O devices 
are addressed using 16-bit I/O port addresses and I/O address 
space is not a part of the memory address space. Two types of 
/O instructions are provided; each with its own 16-bit address 
space. I/O instructions include a comprehensive set of In, Out 
and Block transfers. 
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CPU TIMING 


The AmZ8001 accomplishes instruction execution by stepping 
through a pre-determined sequence of machine cycles, such as 
memory read, memory write, etc. Each machine cycle requires 
between three and ten clock cycles. Bus Requests by DMA 
devices are granted at machine cycle boundaries. No machine 
cycle is longer than ten clock cycles; thus assuring fast response 


_ to a Bus Request (assuming no extra wait states). The start of a- 


machine cycle is always marked by a LOW pulse on the AS 
output. The status output lines STO-STS3 indicate the nature of 


the current cycle in a coded form. 
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STATUS LINE CODES 


Status line coding was listed in the table shown under ST0-ST3 
ouipuls in the Inietface Signal Description. The folowing is a 
detailed description of the status codes. 


Internal Operation: 


This status code indicates that the AmZ8001 is going through a 
machine cycle for its internal operation. Figure 5 depicts an 
internal operation cycle. It consists of three clock periods iden- 
tified as T1, T2 and T3. The AS output will be activated with a 
LOW pulse by the AmZ8001 to mark the start of a machine 
cycle. The STO-ST3 will reflect the code for the internal opera- 
tion. The MREQ, DS and R/W outputs will be HIGH. The N/S 
and SNO-SN6 outputs will remain at the same level as in the 
previous machine cycle. The AmZ8001 will ignore the WAIT 
input during the internal operation cycle. The CPU will drive the 
ADO-AD15 bus with unspecified information during T1. However, 
the bus will go into high impedance during T2 and remain in that 
state for the remainder of the cycle. The B/W output is also 
activated by the CPU with unspecified information. 








Memory Refresh: 


This status code indicates that AmZ8001 is accessing the mem- 
ory to refresh. The refresh cycle consists of three clock periods 
as depicted in Figure 6. The CPU will activate the AS output with 
a LOW pulse to mark the beginning of a machine cycle and 
STO-ST3 outputs will reflect the refresh cycle code. The least 
significant 9 lines of the ADO-AD15 bus contain the refresh ad- 
dress. Because the memory is word organized, the ADO will 
always be LOW. The most significant 7 bus lines are not 
specified. The DS output will remain HIGH for the entire cycle 
while R/W, B/W, SNO-SN6 and N/S outputs will remain at the 
same level as in the machine cycle prior to refresh. The 
ADO-AD15 bus will go into high impedance state during T2 
period and remain there for the remainder of the cycle. The 
AmZ8001 will activate the MREQ output LOW during the refresh 
cycle. It should be noted that WAIT input is ignored by the CP 

for refresh operations. rs 








/O Transactions: 


There are two status line codes used for !/O transaction cycles. 
The AmZ8001 provides two separate I/O spaces and two types 
of instructions called Normal !/O and Special I/O. Each 1/O 
space is addressed by a 16-bit address called port address. The 
timing for both types of I/O transactions is essentially identical. A 
typical I/O cycle consists of four clock periods T1, T2, TWA and 
T3 as shown in Figure 7. The TWA is the wait state; insertion of 
one wait state for an I/O cycle is always automatic. Additional 
wait cycles can be inserted by LOW on the WAIT input. The 
WAIT input is sampled during every TW state. If this input is 
LOW, one more wait state will be inserted. Insertion of wait 
states continues until WAIT input is HIGH. T3 state will follow the 
last wait state to complete the I/O cycle. 
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Mode Operand Addressing Operand Value 
In the Instruction In a Register In Memory 
Register : The content of the register. 
Immediate In the instruction 
Indirect [REGISTER ADDRESS | The content of the location whose 
REGISTER ADDRESS ADDRESS OPERAND ee ; 
Register (pcos e SeenAND) address is in the register. 
Direct The content of the location whose 
Address address is in the instruction. 
The content of the location whose 
Index address is the address in the 
© instruction, offset by the content 
of the working register. 
The content of the location whose 
Relative address is the content of the program 
Address o counter, offset by the displacement in 
the instruction. 
The content of the location whose 
Base panos tei Abpres =| BASE SORES [p= address is the address in the 
Address @) register, offset by the 
displacement in the instruction. 
The content of the location whose 
Base jecreten Aborede))-~ | BAe AD0PES | -— address is the address in the 
Index © register, offset by the 


displacement in the register. 


Figure 4. Addressing Modes. 


During I/O cycles the STO-ST3 outputs will reflect appropriate 
code depending on the type of instruction being executed (Nor- 
mal I/O or Special I/O). AS output will be pulsed LOW to mark 
the beginning of the cycle. The CPU drives the ADO-AD15 bus 
with the 16-bit port address specified by the current instruction. 
The N/S output will be LOW indicating that CPU is operating in 
the system mode. It should be recalled that the N/S output is 
derived from the appropriate bit in the FCW register. All I/O 
instructions are privileged instructions and will be allowed to 
execute only if the FCW specifies system mode operation. The 
MREQ output will be HIGH. The AmZ8001 1/O instructions pro- 
vide both word or byte transactions. The B/W output will be 
HIGH or LOW depending whether the instruction specifies a 
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byte or word transfer. The SNO-SN6 output will remain at the 
same level as in the machine cycle prior to the /O cycle. — 


Two kinds of I/O transfers should be considered: Data In means 
reading from the device and Data Out means writing into the 
device. For In operations, the R/W output will be HIGH. The 
ADO-AD15 bus will go into high impedance state during T2. 
During byte input instructions, the CPU reads either the even 
or odd half of the Data Bus dependent upon the port address. ff 
the port address is even, the most significant half of the Data 
Bus is read. If the port address is odd, the least significant half of 
the Data Bus is read. During word input instructions, the CPU 
reads all 16 bits of the Data Bus. The AmZ8001 will drive the DS 
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output LOW to signal to the device that data can be gated on to 
the bus. The CPU will accept the data during T3 and DS output 
will go HIGH signalling the end of an I/O transaction. 


For Data Out, the R/W output will be LOW. The AmZ8001 will 
provide data on the ADO-AD15 bus and activates the DS output 
LOW during T2. During byte output instructions, the CPU dupli- 
cates the byte data onto both the high and low halves of the Data 
Bus and external logic, using AO, enables the appropriate byte 
port. During word output instructions the CPU outputs data onto 
all 16 bits of the Data Bus. The DS output goes HIGH during T3 
and the cycle is complete. 


Memory Transactions: 
There are iour siatus wie Codes Wat inaicaté a 
action: . 


a) Memory transaction to read or write an operand 
b) Memory transaction to read from or write into the stack 
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Figure 8. Memory Transactions. 
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c) Memory transaction to fetch the first word of an instruction 
(sometimes called 1F1) 

d) Memory transaction to fetch the subsequent word of an in- 
struction (Sometimes called IFN). 


It can be appreciated that all the above transactions essentially 
fall into two categories: memory read and memory write. In the 
case of IF1 and IFN cycles, the memory will be read at the 
address supplied by the program counter. All AmZ8001 instruc- 
tions are multiples of 16-bit words. Words are always addressed 
by an even address. Thus IF1 and IFN cycles involve performing 
a memory read for words. On the other hand, a memory trans- 
action for operand and stack operation could be a read or write. 
Moreover, an operand could be a word or a byte. For stack 
operation involving the implied stack pointer the address will be - 
supplied by the RR14 (or RR14’). For operand transactions, the 
memory address will come from several sources depending on 
the instruction and the addressing mode. Memory transaction 
cycle timing is shown in Figure 8. It typically consists of three 
clock periods T1, T2 and T3. Wait states (TW) can be inserted 
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between T2 and T3 by activating the WAIT input LOW. The 
WAIT input will be sampled during T2 and during every sub- 
sequent TW. The STO-ST3 outputs will reflect_the appropriate 
code for the current cycle early in T1 and the AS output will be 
pulsed LOW to mark the beginning of the cycle. The N/S output 
will indicate whether the normal or system address space will be 
used for the current cycle. As shown in the figure the MREQ 
output will go LOW during T1 to indicate a memory operation. 








The segment number becomes valid on the segment lines one 
clock period before the start of the memory operation, and re- 
mains valid until the start of TS. 


Consider a read operation first. The R/W output will be HIGH. 
The AmZ8001 will drive the ADO-AD15 with the appropriate ad- 
dress early in T1. During T2, the bus will go into high-impedance 
state and DS output will be activated LOW by the CPU. The data 
can be gated on to the bus when DS is LOW. During T1 the B/W 
will also be activated to indicate byte or word will be transacted. 
The AmZ8001 memory is word organized and words are ad- 
dressed by even addresses. However, when addressing bytes, 
the memory address may be odd or even; an even address for 
most significant byte of a word and the next odd address for the 
least significant byte of that word. When reading a byte from the 
memory, the least significant address bit can be ignored and the 
whole word containing the desired byte is gated on to the bus. 
The CPU will pick the appropriate byte automatically. The 
AmZ8001 will drive the DS output HIGH indicating data 
acceptance. 


Consider the write operation next. The R/W output will be LOW. 
The AmZ8001 removes the address and gates out the data to be 
written on the bus and activates the DS output LOW during T2. If 
the data to be written is a byte then the same byte will be on both 
halves of the bus. The DS output will go HIGH during T3 sig- 
nifying completion of the cycle. 


Interrupt and Segment Trap Acknowledge: 


There are four status line codes devoted to interrupt and trap 
acknowledgement. These correspond to non-maskable, vec- 
tored and non-vectored interrupts, as well as segment trap. The 
Interrupt Acknowledge cycle is illustrated in Figure 9. The NMI 
input of the AmZ8001 is edge detected i.e., a HIGH to LOW input 
level change is stored in an internal latch. Similar internal stor- 
age is not provided for the VI, NVI, and SEGT inputs. For VI and 
NVI inputs to cause an interruption, the corresponding interrupt 
enable bits in the FCW must be 1. For the following discussion, 
both the VIE and NVIE bits in the FCW are assumed to be 1. 


As shown in the figure, the VI, NVI and SEGT input and the 
internal NMI latch output are sampled during T3 of the last 
machine cycle of an instruction. 





A LOW on these signals triggers the corresponding interrupt 
acknowledge sequence described on the following page. The 
AmZ8001 executes a dummy IF1 cycle prior to entering the 
actual acknowledge cycle (see memory transactions for IF1 
cycle description). 





LAST MACHINE 
CYCLE OF ANY 
INSTRUCTION 


DUMMY 
IF1 CYCLE 


KKK AKAKAAKAAKK OKDhK KA KY 


Vi, NVi, SEGT Wann x (X Xx 


LV NDALAALS AX 


RW | / 
ow | AN 


V Sv, cv, y VYYVYYYV¥ 
QO YOKY , 


> as x 
NR RR | 
NMI ds 


ACKNOWLEDGE 
CYCLE SAVING | 


AUTOMATIC WAIT STATES 


; T1 T2 T3 T1 ( 7 Tt 


ar RRR 


“ 


WY YY YY YY YY YY VY YY 
YY BK KICK 





ACKNOWLEDGE 


STO-ST3 ID iF1 ) 


SNO-SN6 


Figure 9. Interrupt Acknowledge Cycle. 
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STATUS | 


During this dummy IFi cycle, the program counter. is not up- 
dated; instead the implied: system stack pointer (RR14’) will be 
decremented. Following the dummy IF1 cycle is the actual inter- 
rupt/trap acknowledge cycie. 


The interrupt acknowledge cycle. typically consists of 10 clock 
periods; T1 through T5 and five automatic TW (wait states). As 
usual, the AS output will be pulsed LOW during T1 to mark the 
beginning of a cycle. The STO-ST3 outputs will reflect the 
appropriate interrupt acknowledge code, the MREQ output will 
be HIGH, the N/S output remains the same as in the preceding 
cycle, the R/W output will be HIGH and the B/W output will be 
LOW. The AmZ8001 will drive the ADO-AD15 bus with un- 
specified information during T1 and the bus will go into the high 
impedance state during T2. Three TWA states will automatically 
follow T2. The WAIT input will be sampled during the third TWA 
State. 


If LOW, an extra TW state will be inserted and the WAIT will be 
sampled again during TW. Such insertion of TW states con- 
tinues until the WAIT input is HIGH. After the last TW state, the 
DS output will go LOW and two more automatic wait states 
(TWA) follow. The interrupting device can gate up to a 16-bit 











identifier on to the bus when the DS output is LOW. The WAIT 


input will be sampled again during the last TWA state. If the 





WAIT input is LOW one TW state will be inserted and the WAIT 


will be sampled during TW. Such TW insertion continues until 
the WAIT input is HIGH. After completing the last TW state T3 
will be entered and the DS output will go HIGH. The interrupting 
device should remove the identifier and cease driving the bus. 
T4 and T5 states will follow T3 to complete the cycle. Following 





ANY M CYCLE 


T1 T2 T3 


CLOCK 


BUSRQ 


INTERNAL 
BUSRQ 


BUSAK 


al 
n 


MREGQ, DS, 
$T0-ST3, 
B/W, R/W, NS 


Figure 10. Bus Request/Acknowledge Cycle. 
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the interrupt acknowledge cycle will be memory transaction cy- 
cles to save the status on the stack. Note that the N/S output will 
be automatically LOW during status saving. The SNO-SN6 out- . 
puts are undefined during the acknowledge cycle. 


The internal NMI latch will be reset to the initial state at AS going 
HIGH in the interrupt acknowledge cycle. The VI, NVI and SEGT 
input should be kept LOW until this time atso. 


STATUS SAVING SEQUENCE: 


The machine cycles following the interrupt acknowledge cycle 
push the old status information on the system stack in the follow- 
ing order: program counter, the flag and contro! word and the 
interrupt/trap identifier. Subsequent machine cycles fetch the 
new program status from the new program status area, and then 
branch to the interrupt/service routine. 


BUS REQUEST/BUS ACKNOWLENGE TIMING: 


A LOW on the BUSRGQ input is an indication to the AmZ8001 that 
another device (such as DMA) is requesting control of the bus. 
The BUSRQ input is synchronized internally at T1 of any 
machine cycle. (See next paragraph for exception.) The BUSAK 
will go LOW after the last clock period of the machine cycle. The 
LOW on the BUSAK output indicates acknowledgement. When 
BUSAK is LOW the following outputs will go into the high imped- 
ance state; ADO-AD15, AS, DS, MREQ, STO-ST3, B/W, R/W, 
SNO-SN6 and N/S. The BUSRQ must be held LOW until all 
transactions are completed. When BUSRQ goes HIGH, it is 
synchronized internally, the BUSAK output will go HIGH and 
normal CPU operation will resume. Figure 10 illustrates the 
BUSRQ/BUSAK timing. 




















BUS AVAILABLE ————————__-___——_—_—_——— 


TX TX TX 


T™ T1 
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It was mentioned that BUSRQ will be honored during any 
machine cycle with one exception. This exception is during the 
execution of TSET/TSETB instructions. BUSRQ will not be hon- 
ored once execution of these instructions has started. 





SINGLE STEPPING 


The STOP input of the AmZ8001 facilitates one instruction at a 
time or single step operation. Figure 11 illustrates STOP input 
timing. The STOP input is sampled on the HIGH to LOW transi- 
tion of the clock input that immediately precedes an IF1 cycle. If 
the STOP is found LOW, AmZ8001 introduces a memory refresh 
cycle after T3. Moreover, STOP input will be sampled again at 
T3 in the refresh cycle. If STOP is LOW one more refresh cycle 
will follow the previous refresh cycle. The STOP will be sampled 
during T3 of the refresh cycle also. One additional refresh cycle 
will be added every time STOP input is sampled LOW. After 
completing the last refresh cycle which will occur after STOP is 
HIGH, the CPU will insert two dummy states T4 and T5 to com- 
plete the IF1 cycle and resume its normal operations for execut- 
ing the instruction. See appropriate sections on memory trans- 
actions and memory refresh. It should be noted that refresh 
cycies will occur even if the refresh facility is disabled during 
single stepping. 




















MULTIMICROPROCESSOR FACILITIES 


The AmZ8001 is provided with hardware and software facilities 
to support multiple microprocessor systems. The uO and pl 
signals of the AmZ8001 are used in conjunction with the MBIT, 
MREQ, MRES and MSET instructions for this purpose. The 10 
output can be activated LOW by using appropriate instruction to 
signal a request from the AmZ8001 for a resource. The yl input 
is tested by the AmZ8001 before activating the ~O output. LOW 
at the zu! input indicates that the resource is busy. The AmZ8001 






“0 Pe pr PAD 
REFRESH 
INSTRUCTION 


ADDRESS 


ST0-ST3 XX 


can examine the x1 input after activating the ~O output LOW. 
The yl will be tested again to see if the requested resource 
became available. For detailed information on the Multimicro- 
processor facilities, AmZ8001/AmZ8002 Processor Interface 
Manual (Publication No. AM-PUB089) should be consulted. 


INITIALIZATION 


A LOW on the Reset input starts the CPU initialization. The 
initialization sequence is shown in Figure 12. Within five clock 
periods after the HIGH to LOW level change of the Reset input 
the following will occur: 


a) ADO-AD15 bus will be in the HIGH impedance state 

b) AS, DS, MREQ, BUSAK and 1O outputs will be HIGH 

c) STO-ST3 outputs will be LOW 

d) Refresh will be disabled 

e) R/W, B/W and N/S outputs are not affected. For a power on 
reset the state of these outputs is not specified. 

f) SNO-SN6 outputs will be LOW. 


After the Reset input returns HIGH and remains HIGH for three 
clock periods, three 16-bit memory read operations will be per- 
formed as follows from segment C. Note that the N/S output will 
be LOW and STO0-ST3 outputs will reflect IFN code. 


a) The contents of the memory location 0002 will be read. This 
information will be loaded into the FCW of the AmZ8001. 

b) The contents of the memory location 0004 will be read. This 
information will be loaded into the program counter segment 
number. 





. ¢) The contents of the memory location 0006 will be read. This 


information will be loaded into the program counter offset. 


This completes initialization sequence and an IF1 cycle will fol- 
low to fetch the first instruction to begin program execution. See 
the section on ‘memory transactions for timing. 


IF1 








YOY 





Ms 





REFRESH 
ADDRESS 


ee a ae ee a ae 


ann OE ref aera 2 


SNO-SN6 SAME AS PREVIOUS CYCLE 


Figure 11. Single Step Timing. 
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Figure 12. Reset Sequence. 
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Am2Z8001 INSTRUCTION SET 


LOAD AND EXCHANGE 


Addr. 
Operands | Modes Operation 


CLR Clear 
CLRB dst — 0 | 







Exchange 
=a 


LD R, src 
LDB 
LDL 


LD 
LDB 
LDL 





Load into Register 












Load into Memory (Store) 
dst — R 












LD 
LDB 


- 


LDAR 


Load Immediate into Memory 
dst — IM 





Load Address 
R — source address 


Load Address Relative 
R < source address 
i. Load Constant 

IR 
DA 
X 
IR 
DA 
X 
R 
IR 
DA 
Xx 
R 







R<n(n=0... 15) 











Load Multiple 
R < src (n consecutive words) 
. 16) 


Load Multiple (Store Multiple) 
dst <— R (n consecutive words) 
16) 


Load Relative 
R<=src 
(range —32768 ... +32767) 


Load Relative (Store Relative) 
dst <—R 
(range —32768... 


(n = 















(n=1... 
















+32767) 













Pop 
dst <—!R 
Autoincrement contents of R 







Push 
Autodecrement contents of R 
IR — src 


Ba! 


| PUSH 
PUSHL 
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ARITHMETIC 


Addr. 
Operands | Modes Operation 
ADC R, src Add with Carry 
ADCB R<R+ src + carry 






ADD R, src Add 
ADDB i R<—R+ src 
ADDL - IR 









DA 











CP R, src R 
CPB IM 


CPL 
CP IR 
CPB et 


[omen 


DEC Decrement by n 
DECB is 
DA 
X 


Compare with Register 
R — sre 











Compare with Immediate 
dst — IM 












dst <— dst -—n 
(n= 1... 16) 









Divide (signed) 
Word: Ra+1 — Rnin41 + Sree 
R, <— remainder 

Long Word: Ra+2,n+3 
—Rn...n+3 + Src 


Ra.n+1 
<— remainder 














Extend Sign 
Extend sign of low order half of 
st through high order half of 

dst 








Increment by n 
dst — dst + n 
(n= 1... 16) 












Multiply (signed) 
Word: Ra.n+1 — Ragi ° src 
Long Word: Rp...n+3 

— Rn+2,n+3 ° Src 
*Plus seven cycles for each 1 
in the multiplicand 
















Negate 
dst <0 - dst 


Subtract-with Carry 
R<—R -— src — carry 


Subtract 
R<—R-— sre 






LOGICAL 


Addr. 
Saas Operands | Modes sdb 
















AND R, sre AND 
ANDB i R <— RAND src 
IR 
DA 
X 
COM R Complement 
COMB IM dst — NOT dst 
AR 
DA 
X 
OR R | OR 
ORB IM R <—R OR src 
IR 
| DA 
X 
R TEST 
IR dst OR 0 





TCC cc, dst Test Condition Code 
TCCB Set LSB if cc is true 


XOR R, src Exclusive OR 
XORB 
DA 


R <—R XOR src 
PROGRAM CONTROL 


Addr. 
Operands| Modes Operation 


CALL IR Call Subroutine 
- 


Autodecrement SP - 
CALR 


@ SP — PC 
PC <— dst 
DJNZ 
_DBJNZ 
~ aig 











Call Relative 
Autodecrement SP 

@ SP —PC 

PC —PC + dst 

(range. —4094 to +4096) 















RA Decrement and Jump if Non-Zero 
R<R-1 
IF R = 0: PC — PC + dst 


(range —254 to 0) 





Interrupt Return 
PS — @ SP 
Autoincrement SP 













Jump Conditional 
If cc is true: PC — dst 





Jump Conditional Relative 
if cc is true: PC < PC + dst 
(range —256 to +254) 


Return Conditional 
If cc is tue: PC — @ SP 
Autodecrement SP 










System Call 
Autodecrement SP 

@ SP —old PS 

Push instruction 

PS <— System Call PS 


*Privileged instructions. Executed in system mode only. 


IR 

IR 

DA 

X 
fast 
Lie 
aus 
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BIT MANIPULATION 


Addr. 
Operand | Modes Operation 


Test Bit Static 
Z flag <— NOT dst bit specified by b 













Test Bit Dynamic 
Z flag <- NOT dst bit specified 
by contents of R 


Reset Bit Static 
Reset dst bit specified by b 























Reset Bit Dynamic 
Reset dst bit specified by 
contents of R 


Set Bit Static 
Set dst bit specified by b 









Set Bit Dynamic 
Set dst bit specified by 
contents of R 


Test and Set 
S flag — MSB of dst 
dst < all 1s 





Mne- 
monics 


Rotate Left 
by n bits (n = 1, 2) 


Rotate Left through Carry 
by n bits (n = 1, 2) 


Rotate Right 
by n bits (n = 1, 2) 


Rotate Right through Carry 
by n bits (n = 1, 2) 


Shift Dynamic Arithmetic 
Shift dst left or right by 
contents of R 


Shift Dynamic Logical 
Shift dst left or right by 
contents of R 


Shift Left Arithmetic 
by n bits 


Shift Left Logical 
by n bits 


Shift Right Arithmetic 
by n bits 


Shift Right Logical 
by rn bits 
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BLOCK TRANSFER AND STRING MANIPULATION 


Addr. 
Operands | Modes Operation | | 


CPD Ry, src, Compare and Decrement 
Ry, cc Ry — src 
Autodecrement src address 
Ry <— Ry - 1 


















CPDB 





















CPDR Rx, sre, Compare, Decrement and Repeat 
CPDRB Ry, cc Rx — src 

Autodecrement src address 

Ry — Ry aa 


Repeat until cc is true or Ry = 0 

















Compare String and Decrement 
dst — src » 

Autodecrement dst and src 
addresses 
R-—R-1 










CPI Rx, src, Compare and Increment 
CPIB Ry, cc Rx — src 
Autoincrement src address . 
Ry < Ry — 1 
CPIR Ry, src, Compare, Increment and Repeat 
CPIRB Ry, cc Ry — src 
Autoincrement src address 
Ry <— Ry -— 1 
Repeat until cc is true or Ry = 0 


CPSD dst, src, 
CPSDB R, cc 
CPSDR dst, src, 
CPSDRB R, cc 

CPS! dst, src, 

CPSIB R, cc 

CPSIR dst, src, 

CPSIRB R, cc 
LDD dst, src, 
LDDB R 
LDDR dst, src, 

LDDRB | R 


Compare String, Decr. and Repeat 
dst — src 

Autodecrement dst and src 
addresses 

R<—R-1 

Repeat until cc is true or R = 0 









Compare String and Increment 
dst — src 

Autoincrement dst and src 
addresses 
R<R-1 











Compare String, Incr. and Repeat 
dst — src 

Autoincrement dst and src 
addresses 

R<«-R-1 

Repeat until cc is true or R = 0 








Load and Decrement 
dst — src 

Autodecrement dst and src 
addresses 
R<-—R-1 

















Load, Decrement and Repeat 
dst <— src 

Autodecrement dst and src 
addresses 
R<—R-1 
Repeat until R = 0 






TRTDRB src 1, 
src 2, R 


BLOCK TRANSFER AND STRING MANIPULATION (Cont.) 


Addr. 
Operands | Modes Operation 


dst, src, Load and Increment 
R dst <— src 
Autoincrement dst and src 
addresses 
R<R-1 


dst, src, Load, Increment and Repeat 
R dst <— src 


Autoincrement dst and src 
7 we 
R 


addresses 
R<R-1 
TRDRB dst, src, 
R 
TRIB dst, src, 
R 


Repeat until R = 0 
TRIRB dst, src, 
R 
TRTDB src 1, 
src 2, R 




































Translate and Decrement 
dst <— src (dst) 
Autodecrement dst address 
R<R-1 


Translate, Decrement and Repeat 
dst — src (dst) 

Autodecrement dst address 
R<-R-1 
Repeat until R = 0 





IR Translate and Increment 
dst <— src (dst) 
Autcincrement dst address 


R<-R-1 







Translate, Increment and Repeat 
dst <- src (dst) 

Autoincrement dst address 
R<—R-1 
Repeat until R = 0 














Translate and Test, Decrement 
RH1 < src 2 (src 1) 
Autodecrement src 1 address 
R<-—R-1 





Translate and Test, 

Decrement and Repeat 

RH1 < src 2 (src 1) 
Autodecrement src 1 address 
R<-R-1 

Repeat until R = 0 or RH1 = 0 











Translate and Test, Increment 
RH1 < src 2 (src 1) 
Autoincrement src 1 address 
R<«R-1 









- TRTIB src 1, 
src 2, R 

TRTIRB | srci, 
src 2, R 


Translate and Test, 

Increment and Repeat 

RH1 <— src 2 (src 1) 
Autoincrement src 1 address 
R-R-1 

Repeat until R = 0 or RH1 = 0 
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INPUT/OUTPUT 


Mne- Addr. 
monics | Operands | Modes Operation 
R, src IR Input 
DA |R<src 


Input and Decrement 
dst <— src 
Autodecrement dst address 
R<R-1 

dst, oe Input, Decrement, and Repeat 
dst <— src 
Autodecrement dst address 
R<R-1 
Repeat until R = 0 
Input and Increment 
dst — src 
Autoincrement dst address 
R<R-t1 


dst, src, Input, Increment and Repeat 
R dst <— src 


Autoincrement dst address 


R<—R-1 
dst, src, 
R 


| Repeat until R = 0 
Output | 
dst —R 
dst, src, 
R 
OUTI* dst, src, 
OUTIB* R 


Output and Decrement 

dst <— src 

Autodecrement src address 
R<—R-1 


Output, Decrement and Repeat 
dst <— src 

Autodecrement src address 
R<-R-1 

Repeat until R = 0 


Output and Increment 

dst <— src 

Autoincrement src address 
R<—R-1 


[pera ane Input 
[pera ane <— src 


SIN* R, src 
SINB* 
SIND* dst, src, 
SINDB* R 
SINDR* dst, src, 
SINDRB* R 
dst, src, 
R 
SINIR* dst, src, 
SINIRB* R 


"Privileged instructions. Executed in system mode only. 


Special Input and Decrement 
dst <— src 

Autodecrement dst address 
R<R-1 


Special Input, Decr. and Repeat 
dst <— src 

Autodecrement dst address 
R<R-1 

Repeat until R = 0 


Special Input and Increment 
dst < src 

Autoincrement dst address 
R<R-1 


Special Input, Incr. and Repeat 
dst < src 

Autoincrement dst address 
R<R-1 

Repeat until R = 0 


OTIR* dst, src, Ouput, Increment and Repeat 
OTIRB* R dst <— src 
Autoincrement src address 
R<R-1 
Repeat until R = 0 
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INPUT/OUTPUT (Cont.) 


Mne- Addr. 
monics |Operands| Modes Operation 
DA | Special Output 
dst <— src 


Special Output and Decrement 
dst <— src 

Autodecrement src address 
R<—R-1 


Special Output, Decr. and Repeat 
dst < src 
Autodecrement src address 


R<-R-1 
Repeat until R = 0 


SOUTI* 
SOUTIB* 


Special Output and Increment 
dst <— src 

Autoincrement src address 
R<—R-1 


SOTIR* 
SOTIRB* 


Special Output, Incr. and Repeat 
dst <— src 

Autoincrement src address 
R<R-1 

Repeat until R = 0 





CPU CONTROL 


Addr. 
Operands | Modes Operation 
COMFLG Complement Flag 
(Any combination of C, Z, S, P/V) 
Disable Interrupt 
(Any combination of NVI, VI) 


















(Any combination of NVI, VI) 


LDCTL* CTLRA, Load into Control Register 
src CTLR <— src 
LDCTL* dst, 
CTLR 
LOCTLB FLGR, 
src 
LDCTLB dst, 
FLGR 


LDPS* src IR 
DA 
X 
— ad 


ruor |= | = [wooperaion sd 


RESFLG Reset Flag 

(Any combination of C, Z, S, P/V) 
SETFLG Set Flag 

(Any combination of C, Z, S, P/V) 


! 














Load from Control Register 
dst — CTLR 





Load into Flag Byte Register 
FLGR < src 


Load from Flag Byte Register 
dst — FLGR 


Load Program Status 
PS <— src 

















Test Multi-Micro Bit _ 
Set S if ul is High; reset S if ul 
is Low. 
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AC TIMING DIAGRAM 


Timing measurements are made 





RESET | De at the following voltages. 
= 6.2 HIGH LOW 
NMI SS 
@ Clock 4.0V 0.8V 
eo tes Output 2.0V 0.8V 
Vi, 4 
a et Input 2.0V 0.8V 
SEGT , ——, Float (AV) +0.5V +0.5V 


STOP 
WAIT 


BUSRQ 


BUSAK 


F | 
CLOCK : 


SNO-SN6 
ADDRESS 
AO0-AD15 DATA IN 


DATA OUT 















MREQ 
AS 
MEMORY READ 
MEMORY WRITE 
DS 
INPUT/OUTPUT 
INTERRUPT 
ACKNOWLEDGE 
$T0-ST3, 
READ/WRITE, 
NORMAL/SYSTEM, 
BYTE/WORD 


This composite timing diagram does not show actual timing sequences. Refer to this diagram only for the 
detailed timing relationships of individual edges. Use the preceding illustrations as an explanation of the 
various timing sequences. MOS-255 
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AmZ8001 
SWITCHING CHARACTERISTICS over operating range AmZ8001DC 


Number Parameter Description Min Max Units 
TcC Clock Cycle Time 250 2000 
TwCh Clock Width (High) 105 2000 
TwCl Clock Width (Low) 1 2000 
TIC Clock Fall Time 20 
TrC Clock Rise Time 

TdC(SNv) Clock f to Segment Number Valid (SOpF Load) 
TdC(SNn) Clock f to Segment Number Not Valid 
TdC(Bz) Clock ft to Bus Float 

TdC(A) Clock t to Address Valid 

TdC(Az) Clock ft to Address Float 

TdA(D}) Address Valid to Data In Required Valid 400 
12 TsDI(C) Data In to Clock | Set-up Time 
3 TdDS(A) DS ft to Address Active 
TdC(DO) Clock f to Data Out Valid 
ThDI(DS) Data In to DS f Hold Time 
TdDO(DS) Data Out Valid to DS } Delay 230 
TdA(MR) Address Valid to MREQ | Delay 
TdC(MR) Clock | to MREQ | Delay 

TwMRh MREQ Width (High) 

TdMR(A) MREQ | to Address Not Active 
TdDO(DSW) Data Out Valid to DS | (Write) Delay 
TdMR(DI) _ MREQ | to Data In Required Valid 
TdC(MR) Clock | to MREQ 7 Delay 

TdC(ASf) Clock ¢ to AS | Delay 

TdA(AS) Address Valid to AS 7 Delay 
TdC(ASr) Clock | to AS } Delay 

TdAS(DI) AS + to Data In Required Valid 290 
TdDS(AS) DS t to AS | Delay 

TwAS AS Width (Low) 

TdAS(A) AS + to Address Not Active Delay 
TdAz(DSR) Address Float to DS (Read) | Delay 
TdAS(DSR) AS ¢ to DS (Read) | Delay 
TdDSR(DI) DS (Read) | to Data In Required Valid 155 
TdC(DSr) Clock | to DS 1 Delay 

TdDS(DO) DS 7 to Data Out and STATUS Not Valid 
TdA(DSR) Address Valid to DS (Read) | Delay 
TdC(DSR) Clock t to DS (Read) | Delay 

TwDSR DS (Read) Width (Low) 

TdC(DSW) Clock | to DS (Write) | Delay 

TwDSW) DS (Write) Width (Low) 

TdDSI(DI) DS (Input) | to Data In Required Valid 
TdC(DSf) Clock | to DS (I/O) | Delay 

TwDS DS (I/O) Width (Low) 400 
TdAS(DSA) AS f to DS (Acknowledge) | Delay 

TdC(DSA) Clock 7 to DS (Acknowledge) | Delay 
TdDSA(DI) DS (Acknowledge) |:to Data In Required Delay 
TdC(S) Clock t to Status Valid Delay . 
TdS(AS) Status Valid to AS } Delay 
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SWITCHING CHARACTERISTICS (Cont.) 


Number Parameter 


fo [RO 


ThR(C) 


[serene 
[ss | taser) 
rss [tsar 
se | Tmo 
ps9 [taco 
[eo | testo _| 
pr stro 
Pes | two 
Pee Tecra 


AmZ8001DC 


Description Min Max 
RESET to Clock } Set-up Time 
RESET to Clock t Hold Time 
NMI Width (Low) 
NMI to Clock t Set-up Time 
VI, NVI to Clock } Set-up Time 
VI, NVI to Clock ¢ Hold Time 
SEGT to Clock 1 Set-up Time 
SEGT to Clock t Hold Time _ 
pl to Clock f Set-up Time 
pl to Clock f Hold Time 
Clock ft to no Delay 
STOP to Clock | Set-up Time 
STOP to Clock | Hold Time 
WAIT to Clock | Set-up Time 
WAIT to Clock | Hold Time 
BUSRQ to Clock + Set-up Time 
BUSRQ to Clock } Hold Time 
Clock f to BUSAK t Delay 
Clock } to BUSAK | Delay 
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AmZ8001 
MAXIMUM RATINGS above which useful life-may be impaired. 


Voltages on ail inputs and outputs with respect to GND —0.3V to +7.0V 
Operating Ambient Temperature 0 to +70°C 
Storage Temperature —65 to +150°C 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
Static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid ° 
exposure to excessive voltages. 


ELECTRICAL CHARACTERISTICS over operating range (Note 1) 


Parameter Description Test Conditions 
















Ciock inpul might Voiiage Diiven by Cxicinai Ciocn Generators 


vin | putter vonsse 
Pv | hpittow votage st SSCS 
Fics | Vee Sv Goren 


Standard Test Conditions 


The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are referenced to 
GND. Positive current flows into the referenced pin. Standard conditions are as follows: 


+4.75V <= Vec <= +5.25V 
GND = OV 
0°C <T, < +70°C 


FROM OUTPUT 
UNDER TEST 


MOS-254 


All AC parameters assume a load capacitance of 100pF max, except for 
parameter 6, TdC(SNv) (50pF max). Timing references between two 
output signals assume a load difference of 50pF max. 





For more information, refer to these AMD publications: 


Processor Instruction Set (AM-PUBO086). 

Describes each instruction in detail. 250 pp. 

Processor Interface Manual (AM-PUB089). 

Describes hardware interfacing for interrupts and I/O, including the Am9511A Arithmetic Processor, the 
Am9517A DMA Controller, and the Am9519 Interrupt Controller. 81 pp. 
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BUS 
TIMING 


STATUS 


CPU 
CONTROL 


CONTROL 


MULTIMICRO 
CONTROL 


INTERRUPTS | 





DISTINCTIVE CHARACTERISTICS 


Sixteen general purpose registers 

Direct addressing up to 64KB memory 

Software compatible with AmZ8001 microprocessor 
Powerful instructions with flexible addressing modes 
Privileged/Non-Privileged mode of operation 
Sophisticated interrupt structure 

On-chip memory refresh facility 

TTL compatible inputs and outputs 

Single phase clock 

Single +5V power supply 

40-pin package 
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16-Bit Microprocessor 


PRELIMINARY DATA 


























LOGIC SYMBOL 


AS 


DS 
MREQ 


READ/WRITE 


NORMAL/SYSTEM 
BYTE/WORD 


ADDRESS/ 
DATA BUS 


AmZ8002 


+5V GND CLK | RESET 


DECOUPLE 
(DO NOT USE) 
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GENERAL DESCRIPTION 


The AmZ8002 is a general-purpose 16-bit CPU belonging to the 
AmZ8000 family of microprocessors. Its architecture is centered 
around sixteen 16-bit general registers. The CPU deals with 
16-bit address spaces and hence can address directly 64 Kilo- 
bytes of memory. Facilities are provided to maintain three dis- 
tinct address spaces — code, data and stack. The AmZ8002 
implements a powerful instruction set with flexible addressing 
modes. These instructions operate on several data types — bit, 
byte, word (16-bit), long word (32-bit), byte string and word 
string. The CPU can execute instructions in one of two modes — 
System and Normal. Sometimes these modes are also known 
as Privileged and Non-Privileged, respectively. The CPU also 
contains an on-chip memory refresh facility. The AmZ8002 is 
software compatible with the AmZ8001 microprocessor. The 
AmZ8002 is fabricated using silicon-gate N-MOS technology 
and is packaged in a 40-pin DIP. The AmZ8002 requires a single 
+5 power supply and a single phase clock for its operation. 















CONNECTION DIAGRAM 
Top View 
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Note: Pin 1 is marked for orientation. 
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ORDERING INFORMATION 





Hermetic DIP 


Package ient Maximum Ciock Frequency 
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Ambien 
Temperat 
0°C < T, = 70°C 
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INTERFACE SIGNAL DESCRIPTION 


Vcc: +5V Power Supply 
Vss: Ground 


ADO-AD15: Address/Data Bus (Bidirectional, 3-State) 


This 16-bit multiplexed address/data bus is used for all I/O and 
memory transactions. HIGH on the bus corresponds to 1 and 
LOW corresponds to 0. ADO is the least significant bit position 
with AD15 the most significant. The AS output and DS output will 
indicate whether the bus is used for address or data. The status 
Output lines STO-ST3 will indicate the type of transaction; mem- 
ory or I/O. 


AS: Address Strobe (Output, 3-State) 


LOW on this outout indicates that the ADO-AD15 bus contains 
address information. The address information is stable by the 
time of the LOW-to-HIGH transition of the AS output (see timing 
. diagrams). The status outputs STO-ST3 indicate whether the 
bus contains a memory address or I/O address. 


DS: Data Strobe (Output, 3-State) 


LOW on this output indicates that the ADO-AD15 bus is being 
used for data transfer. The R/W output indicates the direction of 
data transfer — read (or in) means data into the CPU and write 
(or out) means data from the CPU. During a read operation, data 
can be gated on to the bus when DS goes LOW. A LOW-to- 
HIGH transition on the DS output indicates that the CPU has 
accepted the data (see timing diagram). During a write opera- 
tion, LOW on the DS output indicates that data is setup on the 
bus. Data will be removed sometime after the LOW-to-HIGH 
transition of the DS output (see timing diagram). 


R/W: Read/Write (Output, 3-State) 


This output indicates the direction of data flow on the ADO-AD15 
bus. HIGH indicates a read operation, i.e., data into the CPU 
and LOW indicates a write operation, i.e., data from the CPU. 
This output is activated at the same time as AS going LOW and 
remains stable for the duration of the whole transaction (see 
timing diagram). 


B/W: Byte/Word (Output, 3-State) 


This output indicates the type of data transferred on the 
ADO-AD15 bus. HIGH indicates byte (8-bit) and LOW indicates 
word (16-bit) transfer. This output is activated at the same stage 
as AS going LOW and remains valid for the duration of the whole 
transaction (see timing diagram). The address generated by the 
CPU is always a byte address. However, the memory is or- 
ganized as 16-bit words. All instructions and word operands are 
word aligned and are addressed by even addresses. Thus, for 
all word transactions with the memory the least significant ad- 
dress bit will be zero. When addressing the memory for byte 
transactions, the least significant address bit determines which 
byte of the memory word is needed; even address specifies the 
most significant byte and odd address specifies the least sig- 
nificant byte. In the case of I/O transactions, the address infor- 
mation on the ADO-AD15 bus refers to an I/O pert and B/W 
determines whether a data word or data byte will be transacted. 
During I/O byte transactions, the least significant address bit AO 


determines which half of the ADO-AD15 bus will be used for the - 


I/O transactions. The STO-ST3 outputs will indicate whether the 
current transaction is for memory, normal I/O or special /O. 


_ §TO-ST3: Status (Outputs, 3-State) 


These four outputs contain information regarding the current 
transaction in a coded form. The status line codes are shown in 
the following table: 
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ST3 ST2 ST1 STO 
L L L 


- 


Internal Operation 

Memory Refresh 

Normal I/O Transaction 

Special I/O Transaction 

Reserved 

Non-Maskable Interrupt Acknowledge 
Non-Vectored Interrupt Acknowledge 
Vectored Interrupt Acknowledge 
Memory Transaction for Operand 
Memory Transaction for Stack 


Reserved 


ae | ae So |e a eee ee a 
en Di ne Oe Ose Ge es OO ee Oe OO oe 
os ee Oe OO ee DS ee ee Ge OD OO 
Se oe es | es ee 1 


Reserved 


Memory Transaction for Instruction 
Fetch (Subsequent Word) 


x 
— 
— 
- 


Memory Transaction for instruction 
Fetch (First Word) 


a 


H 
H 


H 
H 


Reserved 


Reserved 


WAIT: Wait (Input) 


LOW on this input indicates to the CPU that memory or I/O is not 
ready for the data transfer and hence the current transaction 
should be stretched. The WAIT input is sampled by the CPU at 
certain instances during the transaction (see timing diagram). If 
WAIT input is LOW at these instances, the CPU will go into wait 
state to prolong the transaction. The wait state will repeat until 
the WAIT input is HIGH at the sampling instant. 


N/S: Normal/System Mode (Output, 3-State) 


HIGH on this output indicates that the CPU is operating in Nor- 
mal Mode and LOW indicates operation in System Mode. This 
output is derived from the Fiag Control Word (FCW) register. 
The FCW register is described under the program status infor- 
mation section of this document. 


MREQ: Memory Request (Output, 3-State) 


LOW on this output indicates that a CPU transaction with mem- 
Ory is taking place. 


BUSRQ: Bus Request (Input) 


LOW on this input indicates to the CPU that another device 
(such as DMA) is requesting to take control of the bus. The 
BUSRQ input can be driven LOW anytime. The CPU syn- 
chronizes this input internally. The CPU responds by activating 
BUSAK output LOW to indicate that the bus has been relin- 
quished. Relinquishing the bus means that the ADO-AD15, AS, 
DS, B/W, R/W, N/S, STO-ST3 and MREQ outputs will be in the 
high impedance state. The requesting device should contro! 
these lines in an identical fashion to the CPU to accomplish 
transactions. The BUSRQ input must remain LOW as long as 
needed to perform all the transactions and the CPU will keep the 
BUSAK output LOW. After completing the transactions, the de- 
vice must disable the ADO-AD15, AS, DS, B/W, R/W, N/S, 
STO-ST3 and MREQ into the high impedance state and stop 
driving the BUSRQ input LOW. The CPU will make BUSAK 
output HIGH sometime later and take back the bus control. 


BUSAK: Bus Acknowledge (Output) 


LOW on this output indicates that the CPU has relinquished the 
bus in response to a bus request. 
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NMI: Non-Maskable Interrupt (Input) 


HIGH-to-LOW transition on this input constitutes non-maskable 
interrupt request. The CPU will respond with the non-maskable 
Interrupt Acknowledge on the STO-ST3 outputs and will enter an 
interrupt sequence. The transition on the NMI can occur any- 
time. Of the three kinds of interrupts available, the non-mask- 
able interrupt has the highest priority. 


‘VI: Vectored Interrupt (Input) 


LOW on this input constitutes vectored interrupt request. Vec- | 


tored interrupt is next lower to the non-maskable interrupt in 
priority. The VIE bit in the Flag and Control Word register must 
be 1 for the vectored interrupt to be honored. The CPU will 
respond with Vectored Interrupt Acknowledge code on the 
STO-ST3 outputs and will begin the interrupt sequence. The VI 
input can be driven LOW any time and should be held LOW until 
acknowledged. 


NVI: Non-Vectored Interrupt (Input) 


LOW on this input constitutes non-vectored interrupt request. 
Non-vectored has the lowest priority of the three types of inter- 
rupts. The NVIE bit in the Flag and Control Word register must 
be 1 for this request to be honored. The CPU will respond with 
Non-Vectored Interrupt Acknowledge code on the ST0-ST3 
outputs and will begin the interrupt sequence. The NVI input 
can be driven LOW anytime and should be held LOW until 
acknowledged. : 

ul: Micro-in (Input) 

This input participates in the resource request daisy chain. See 
the section on multimicroprocessor support facilities in this 
document. 


uO: Micro-Out (Output) 


This output participates in the resource request daisy chain. See 
the section on multimicroprocessor support facilities in this 
document. 


RESET: Reset (Input) 

LOW on this input initiates a reset sequence in the CPU. See the 
section on Initialization for details on reset sequence. 

CLK: Clock (Input) 


All CPU operations are controlled from the signal fed into 
this input. See DC Characteristics for clock voltage level 
requirements. 


DECOUPLE: (Output) 


Output from the on-chip substrate bias generator. Do not use. 


STOP: Stop (Input) 


This active LOW input facilitates one instruction at a time opera- 
tion. See the section on'single stepping. 


PROCESSOR ORGANIZATION 


The following is a brief discussion of the AmZ8002 CPU. For 
detailed information, see the AmZ8001/AmZ8002 Processor In- 
struction Set Manual (Publication No. AM-PUBO86). 


General Purpose Registers 


The CPU is organized around sixteen 16-bit general purpose 
registers RO through R15 as shown in Figure 1. For byte opera- 
tions, the first eight registers (RO through R7) can also be ad- 
dressed as sixteen 8-bit registers designated as RLO, RHO and 
so on to RL7 and RH7. The sixteen registers can also be 
grouped in pairs RRO, RR2 and so on to RR?14 to form eight long 
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Figure 1. AmZ8002 General Registers. 
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word (32-bit) registers. Similarly, the sixteen registers can be 
grouped in quadruples RQ0, RQ4, RQ8 and RQ12 to form four 
64-bit registers. 


STACK POINTER 


The AmZ8002 architecture allows stacks to be maintained in the 
memory. Any general purpose register except RO can be used 
as a Stack pointer in stack manipulating instructions such as 
PUSH and POP. However, certain instructions such as sub- 
routine call and return make implicit use of the register R15 as 
the stack pointer. Two implicit stacks are maintained — normai 
stack using R15 as the stack pointer and system stack using 
R15’ as the system stack pointer (see Figure 1). If the CPU is 
operating in the Normal Mode, R15 is active, and if the CPU is in 
System Mode R15’ will be used instead of R15. The implied 
stack pointer is a part of the general registers and hence can 
be manipulated using the instructions available for register 
operations. 


PROCESSOR STATUS 


The CPU status consists of the 16-bit Program Counter (PC) 
and the 16-bit Flag and Control Word (FCW) register (see Figure 
2). The following is a brief description of the FCW bits. 


S/N: System/Normal — 1 indicates System Mode and 0 indi- 


cates Normal Mode. 
VIE: Vectored Interrupt Enable ~— 1 indicates that Vectored 
Interrupt requests will be honored. 
NVIE: Non-Vectored Interrupt Enable — 1 indicates that non- 
| vectored interrupt requests will be honored. 
C: Carry — 1 indicates that a carry has occurred from the 
~ most significant bit position when performing arithmetic 
operations. 
2 Zero — 1 indicates that the result of an operation is zero. 
















Sign — 1 indicates that the result of an operation is nega- 

tive i.e., most significant bit is one. 

P/V: Parity/Overflow — 1 indicates that there was an overflow 
during arithmetic operations. For logical operations this 
bit indicates parity of the result. 

A: Decimal Adiust — Records byte arithmetic onerations. 

Half Carry — 1 indicates that there was a carry from the 

most significant bit of the lower digit during byte 

arithmetic. 


DATA TYPES 


The AmZ8002 instructions operate on bits, digits (4 bits), bytes 
(8 bits), words (16 bits), long words (32 bits), byte strings and 
word strings type operands. Bits can be set, reset or tested. 
Digits are used to facilitate BCD arithmetic operations. Bytes are 
used for characters and small integers. Words are used for in- 
teger values and addresses while long words are used for large 
integer values. All operands except strings can reside either in 
memory or general registers. Strings can reside in memory only. 


INTERRUPT AND TRAP STRUCTURE 


Interrupt is defined as an external asynchronous event requiring 
program interruption. For example, interruption is caused by a 
peripheral needing service. Traps are synchronous events re- 
sulting from execution of certain instructions under some de- 
fined circumstances. Both interrupts and traps are handled in a 
similar manner by the AmZ8002. 


x 9 


The AmZ8002 supports three types of interrupts in order of de- 
scending priority — non-maskable, vectored and non-vectored. 
The vectored and non-vectored interrupts can be disabled by 
appropriate contro! bits in the FCW. The AmZ8002 has three 
traps — system call, unimplemented opcode and privileged in- 
struction. The traps have higher priority than interrupts. 


When an interrupt or trap occurs, the current program status is 
automatically pushed on to the system stack. The program 
status consists of processor status (i.e., PC and FCW) plus a 
16-bit identifier. The identifier contains the reason, source and 
other coded information relating to the interrupt or trap. 


After saving the current program status, the new processor 
status is automatically loaded from the new program status area 
located in the memory. This area is designated by the New 
Program Status Area Pointer (NPSAP) register. See AM- 
PUBO86 publication for further details. 


ADDRESSING MODES 


Information contained in the AmZ8002 instructions consists of 
the operation to be performed, the operand type and the location 
of the operands. Operand locations are designated by general 
register addresses, memory addresses or I/O addresses. The 
addressing mode of a given instruction defines the address 
space referenced and the method to compute the operand ad- 
dress. Addressing modes are explicitly specified or implied in an 
instruction. Figure 3 illustrates the eight explicit addressing 
modes: Register (R), Immediate (IM), Indirect Register (IR), Di- 
rect Address (DA), Indexed (X), Relative Address (RA), Base 
Address (BA) and Base Indexed (BX). 








Amz8002 


15 0 
FLAG AND 
SCO CC Gocco 
WORD 
ADDRESS PROGRAM 
COUNTER 


Figure 2. AmZ8002 Processor Status. 
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INPUT/OUTPUT 


A set of I/O instructions are provided to accomplish byte or word 
transfers between the AmZ8002 and I/O devices. I/O devices 
are addressed using 16-bit I/O port addresses and I/O address 
space is not a part of the memory address space. Two types of 
/O instructions afé proviaed; each with its own 16-bit address 
space. I/O instructions include a comprehensive set of In, Out — 
and Block transfers. 





CPU TIMING 


The AmZ8002 accomplishes instruction execution by stepping 
through a pre-determined sequence of machine cycles, such as 
memory read, memory write, etc. Each machine cycle requires 
between three and ten clock cycles. Bus Requests by DMA 
devices are granted at machine cycle boundaries. No machine 
cycle is longer than ten clock cycles; thus assuring fast response 
to a Bus Request (assuming no extra wait states). The start ofa 
machine cycle is always marked by a LOW pulse on the AS 
output. The status output lines STO-ST3 indicate the nature of 
the current cycle in a coded form. 


STATUS LINE CODES 


Status line coding was listed in the table shown under STO-ST3 
outputs in the Interface Signal Description. The- following is a 
detailed description of the status codes. 


Internal Operation: 


This status code indicates that the AmZ8002 is going through a 
machine cycle for its internal operation. Figure 4 depicts an 
internal operation cycle. It consists of three clock periods iden- 
tified as T1, T2 and T3. The AS output will be activated with a 
LOW pulse by the AmZ8002 to mark the start of a machine 
cycle. The STO-ST3 will reflect the code for the internal opera- 
tion. The MREQ, DS and R/W outputs will be HIGH. The N/S 
output will remain at the same level as in the previous machine 
cycle. The AmZ8002 will ignore the WAIT input during the inter- 
nal operation cycle. The CPU will drive the ADO-AD15 bus with 
unspecified information during T1. However, the bus will go into 
high impedance during T2 and remain in that state for the re- 
mainder of the cycle. The B/W output is also activated by the 
CPU with unspecified information. 





Memory Refresh: 


This status code indicates that AmZ8002 is accessing the mem- 
ory to refresh. The refresh cycle consists of three clock periods 
as depicted in Figure 5. The CPU will activate the AS output with 
a LOW pulse to mark the beginning of a machine cycle and 
STO-ST3 outputs will reflect the refresh cycle code. The least 
significant 9 tines of the ADO-AD15 bus contain the refresh ad- 
dress. Because the memory is word organized, the ADO will 
always be LOW. The most significant 7 bus lines are not 
specified. The L DS output will remain HIGH for the entire cycle 
while R/W, B/W and N/S outputs will remain at the same level as 
in the machine cycle prior to refresh. The ADO-AD15 bus will go 
into high impedance state during T2 period and remain there for - 
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Mode Operand Addressing 
In the Instruction In a Register 
Register 
Immediate OPERAND 
sakes [REGISTER ADDRESS 
; REGISTER ADDRESS ADDRESS 
Recister [ADDRESS | 
rae 
Address 


Operand Value 


In Memory 


The content of the register. 


In the instruction 


The content of the location whose 
address is in the register. 


The content of the location whose 
address is in the instruction. 


a RRR 


The content of the location whose 
address is the address in the 


a 
a page appaess instruction, offset by the content 

of the working register. 

The content of the location whose 
Relative . address is the content of the program 
Address counter, offset by the displacement in 

the instruction. 

The content of the location whose 
Base address is the address in the 
Address F DeSLACENENG f= he register, offset by the 

displacement in the instruction. 

The content of the location whose 
Base EGis ep AOOHESS |---| UAse AOORERS address is the address in the 
index b register, offset by the 


displacement in the register. 


Figure 3. Addressing Modes. 


the remainder of the cycle. The AmZ8002 will activate the 
MREQ output LOW during the refresh cycle. It should be noted 
that WAIT input is ignored by the CPU for refresh operations. 


/O Transactions: 


There are two status line codes used for I/O transaction cycles. 
The AmZ8002 provides two separate I/O spaces and two types 
of instructions called Normal I/O and Special I/O. Each 1/O 
space is addressed by a 16-bit address called port address. The 
timing for both types of I/O transactions is essentially identical. A 
typical {/O cycle consists of four clock periods T1, T2, TWA and 
T3 as shown in Figure 6. The TWA is the wait state; insertion‘of 
one wait state for an I/O cycle is always automatic. Additional 
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wait cycles can be inserted by LOW on the WAIT input. The 
WAIT input is sampled during every TW state. If this input is’ 
LOW, one more wait state will be inserted. Insertion of wait 
states continues until WAIT input is HIGH. TS state will follow the 
last wait state to complete the I/O cycle. 


During I/O cycles the STO-ST3 outputs will reflect appropriate 
code depending on the type of instruction being executed (Nor- 
mal I/O or Special 1/0). AS output will be. pulsed LOW to mark 
the beginning of the cycle. The CPU drives the ADO-AD15 bus 
with the 16-bit port address specified by the current instruction. 
The N/S output will be LOW indicating that CPU is operating in 
the system mode. It should be recalled that the N/S output is 
derived from the appropriate bit in the FCW register. All I/O 
instructions are privileged instructions and will be allowed to 
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Figure 4. Internal Operation Cycle. 
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execute only if the FCW specifies system mode operation. The 
MREQ output will be HIGH. The AmZ8002 I/O instructions pro- 
vide both word or byte transactions. The B/W output will be 
HIGH or LOW depending whether the instruction specifies a 
byte or word transfer. 





Two kinds of 1/O transfers should be considered: Data In means 
reading from the device and Data Out means writing into the 
device. For In operations, the R/W output will be HIGH. The 
ADO-AD15 bus will go into high impedance state during T2. 
During byte input instructions, the CPU reads either the even or 
odd half of the Data Bus, dependent upon the port address. If 
the port address is even, the most significant half of the Data 
Bus is read. If the port address is odd, the least significant half of 


the Data Bus is read. During word input instructions, the CPU 
reads all 16 bits of the Data Bus. The AmZ8002 will drive the DS 
output LOW to signal to the device that data can be gated on to 
the bus. The CPU will accept the data during T3 and DS output 
will go HIGH signalling the end of an I/O transaction. 


For Data Out, the R/W output will be LOW. The AmZ8002 will 
provide data on the ADO-AD15 bus and activates the DS output 
LOW during T2. During byte cutput instructions, the CPU dupli- 
cates the byte data onto both the high and low halves of the Data 
Bus and external logic, using AO, enables the appropriate byte 
port. During word output instructions the CPU outputs data onto 
all 16 bits of the Data Bus. The DS output goes HIGH during T3 
and the cycle is complete. 


Memory Transactions: 


There are four status line codes that indicate a memory trans- 
action: 


a) Memory transaction to read or write an operand 

b) Memory transaction to read from or write into the stack 

c) Memory transaction to fetch the first word of an instruction 
(sometimes called IF1) 

d) Memory transaction to fetch the subsequent word of an in- 
struction (Sometimes called IFN). 


It can be appreciated that all the above transactions essentially 
fall into two categories: memory read and memory write. In the 
case of IF1 and IFN cycles, the memory will be read at the 
address supplied by the program counter. All AmZ8002 instruc- 
tions are multiples of 16-bit words. Words are always addressed 
- by an even address. Thus IF 1 and IFN cycles involve pertorming 
a memory read for words. On the other hand, a memory trans- 
action for operand and stack operation could be a read or write. 
Moreover, an operand could be a word or a byte. For stack 
operation involving the implied stack pointer the address will be 
supplied by the R15 (or R15’). For operand.transactions, the 
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memory address will come from several sources depending on 
the instruction and the addressing mode. Memory transaction 
cycle timing is shown in Figure 7:.‘t typically consists of three 
clock periods T1, T2 and T3. Wait states (TW) can be inserted 
between T2 and T3 by activating the WAIT input LOW. The 
WAIT input will be sampled during T2 and during every sub- 
sequent TW. The STO-ST3 outputs will reflect the appropriate 
code for the current cycle early in T1 and the AS output will be 








pulsed LOW to mark the beginning of the cycle. The N/S output 


will indicate whether the normal or system address space will be 
used for the current cycle. As shown in the figure the MREQ 
output will go LOW during T1 to indicate a memory operation. 





Consider a read operation first. The R/W output will be HIGH. 
The AmZ8002 will drive the ADO-AD15 with the appropriate ad- 
dress early in T1. During T2, the bus will go into high impedance 
state and DS output will be activated LOW by ihe CPU. Tho data 
can be gated on to the bus when DS is LOW. During T1 the B/W 
will also be activated to indicate byte or word will be transacted. 
The AmZ8002 memory is word organized and words are ad- 
dressed by even addresses. However, when addressing bytes, 
the memory address may be odd or even; an even address for 
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_ Figure 7. Memory Transactions. 
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most significant byte of a word and the next odd address for the 
least significant byte of that word. When reading a byte from the 
memory, the least significant address bit can be ignored and the 
whole word containing the desired byte is gated on to the bus. 
The CPU will pick the appropriate byte automatically. The 
AmZ8002 will drive the DS output HIGH indicating data accep- 
tance. 


Consider the write operation next. The R/IW output will be LOW. 
The AmZ8002 removes the address and gates out the data to be 
written on the bus and activates the DS output LOW during T2. If 
the data to be written is a byte then the same byte will be on both 
halves of the bus. The DS output will go HIGH during T3 sig- 
nifying completion of the cycle. 


Interrupt Acknowledge: 


There are three status line codes devoted to interrupt acknowl- 
edgement. These correspond to non-maskable, vectored and 
non-vectored interrupts. The Interrupt Acknowledge cycle is 
illustrated in Figure 8. The NMI input of the AmZ8002 is edge 
detected i.e., a HIGH to LOW input level change is stored in an 
internal latch. Similar internal storage is not provided for the VI 
and NVI inputs. For VI and NVI inputs to cause an interruption, 
the corresponding interrupt enable bits in the FCW must be 1. 
For the following discussion, both the VIE and NVIE bits in the 
FCW are assumed to be 1. 


As shown in the figure, the VI input, NVI input and the internal 
NMI latch output are sampled during T3 of the last machine 
cycle of an instruction. 
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Figure 8. Interrupt Acknowledge Cycle. 


A LOW on these signals triggers the corresponding interrupt 
acknowledge sequence described below. The AmZ8002 exe- 
cutes a dummy IF1 cycle prior to entering the actual acknowl- 
edge cycle (see memory transactions for IF1 cycle description). 
During this dummy IF1 cycle, the program counter is not up- 
dated; instead the implied system stack pointer (R15’) will be 
decremented. Following the dummy IF1 cycle is the actual inter- 
rupt acknowledge cycle. 


The interrupt acknowledge cycle typically consists of 10 clock 
periods; T1 through T5 and five automatic TW (wait) states. As 
usual, the AS output will be pulsed LOW during T1 to mark the 
beginning of a cycle. The STO-ST3 outputs will reflect the 
appropriate interrupt acknowledge code, the MREQ output will 
be HIGH, the N/S output remains the same as in the preceding 
cycle, the R/W output will be HIGH and the B/W output will be 
LOW. The AmZ8002 will drive the ADO-AD15 bus with un- 
specified information during T1 and the bus will go into the high 
impedance state during T2. Three TWA states will automatically 
follow T2. The WAIT input will be sampled during the third TWA 
state. 


If LOW, an extra TW state will be inserted and the WAIT will be 
sampled again during TW. Such insertion of TW states con- 
tinues until the WAIT input is HIGH. After the last TW state, the 
DS output will go LOW and two more automatic wait states 
follow. The interrupting device can gate up to a 16-bit identifier 
on to the bus when the DS output is LOW. The WAIT input will 
be sampled again during the last TWA state. If the WAIT input is 
LOW one TW state will be inserted and the WAIT will be sam- 
pled during TW. Such TW insertion continues until the WAIT 
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input is HIGH. After completing the last TW state T3 will be 
entered and the DS output will go HIGH. The interrupting device 
should remove the identifier and cease driving the bus. T4 and 
T5 states will follow T3 to complete the cycle. Following the 
interrupt acknowledge cycle will be memory transaction cycles 
to save the status on the stack. Note that the N/S output will be 
automatically LOW during status saving. 


The internal NMI latch will be reset to the initial state at t AS going 
HIGH in the interrupt acknowledge cycle. The VI and NVI inputs 
should be kept LOW until this time also. 


Status Saving Sequence: 


The machine cycles following the interrupt acknowledge cycle | 


push the old status information on the system stack in the fol- 
lowing order: the 16- bit program counter, the flag and control 
word; 
machine cycles fetch the n new program status from the new pro- 
gram status area, and then branch to the interrupt/service 
routine. 


BUS REQUEST/BUS ACKNOWLEDGE TIMING: 


A LOW on the BUSRQ input is an indication to the AmZ8002 
that another device (such as DMA) is requesting control of the 
bus. The BUSRQ input is synchronized internally at T1 of any 
machine cycle. (See below for exception.) The BUSAK will go 
LOW after the last clock period of the machine cycle. The LOW 
on the BUSAK output indicates acknowledgement. When 
BUSAK is LOW the following outputs will go into the high imped- 
ance state; ADO-AD15, AS, DS, MREQ, STO-ST3, B/W, R/W 
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and N/S. The BUSRQ must be held LOW until all transactions 
are completed. When BUSRQ goes HIGH, it is synchronized 
internally, the BUSAK output will go HIGH and normal CPU 
operation will resume. Figure 9 illustrates the BUSRQ/BUSAK 
timing. 














It was mentioned that BUSRQ will be honored during any 
machine cycle with one exception. This exception is during the 
execution of TSET/TSETB instructions. BUSRQ will not be hon- 
ored once execution of these instructions has started. 





SINGLE STEPPING 


The STOP input of the AmZ8002 facilitates one instruction at a 
time or single step operation. Figure 10 illustrates STOP input 
timing. The STOP input is sampled on the HIGH to LOW transi- 
tion of the clock input that immediately precedes an IF1 cycle. If 
the STOP is found LOW, AmZs80U2 introduces a memory re- 
fresh cycle after T3. Moreover, STOP input will be sampled 
again at T3. If STOP is LOW one more refresh cycle will follow 
the previous refresh cycle. The STOP willbe sampled during T3 
of the refresh cycle also. One additional refresh cycle will be 
added every time STOP input is sampled LOW. After completing 
the last refresh cycle which will occur after STOP is HIGH, the 
CPU will insert two dummy states T4 and T5 to complete the IF1 
cycle and resume its normal operations for executing the in- 
struction. See appropriate sections on memory transactions and 
memory refresh. 























It should be noted that refresh cycles will occur in the stop mode 
even if the refresh facility is disabled in the refresh register. 
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TX TX ™ 
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Figure 9. Bus Request/Acknowledge Cycle. 


4-31 


MOS-235 





AmZ8002 





CLOCK 


AN 


BSS SX 


QL A 


ADDRESS 
AS 


Figure 10. Si 


ee REFRESH 
11 T2 T3 TIR T2R T3R 


\/ \/ 
Xx 


? CD ona ae 
REFRESH 
INSTRUCTION 





REFRESH 


TIR TS 





IOI OI 


rh ras 
REFRESH 
ADDRESS 





MEMORY REFRESH x 


e_—_—_—_—_—_—_—_———-vwv snk rr 


ngle Step Timing. 


MOS-236 


MULTIMICROPROCESSOR FACILITIES 


The AmZ8002 is provided with hardware and software facilities 
to support multiple microprocessor systems. The nO and ul 
signals of the AmZ8002 are used in conjunction with the MBIT, 
MREQ, MRES and MSET instructions for this purpose. The pO 
output can be activated LOW by using an appropriate instruction 
to signal a request from the AmZ8002 for a resource. The ul 
input is tested by the AmZ8002 before activating the «O output. 
LOW at the sl input at this time indicates that the resource is 
busy. The AmZ8002 can examine the yl input after activating 
the O output LOW. The wl will be tested again to see if the 
requested resource became available. For detailed information 
on the Multimicroprocessor facilities the AmZ8001/AmZ8002 
Processor Interface Manual (Publication No. AM-PUBO89) 
should be consulted. 


INITIALIZATION 


A LOW on the Reset input starts the CPU initialization. The 
initialization sequence is shown in Figure 11. Within five clock 
periods after the HIGH to LOW level change of the Reset input 
the following will occur: 





a) ADO-AD15 bus will be in the HIGH impedance state 

b) AS, DS, MREQ, BUSAK and 0 outputs will be HIGH 

c) STO-ST3 outputs will be LOW 

d) Refresh will be disabled 

e) R/W, B/W and NS outputs are not affected. For a power on 
reset the state of these outputs is not specified. 








After the Reset input returns HIGH and remains HIGH for three 
clock periods, two 16-bit memory read operations will be per- 
formed as follows. Note that the N/S output will be LOW and 
STO-ST3 outputs will reflect IFN code. — 


a) The contents of the memory location 0002 will be read. This 
information will be loaded into the FCW of the AmZ8002. 

b) The contents of the memory location 0004 will be read. This 
information will be loaded into the AmZ8002 program 
counter. 


This completes initialization sequence and an IF1 cycle will fol- 


low to fetch the first instruction to begin program execution. See 
the section on memory transactions for timing. 
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AmZ8002 INSTRUCTION SET 


LOAD AND EXCHANGE 


Addr. 
Operands | Modes Operation 
CLR Clear 
CLRB dst — 0 
R, src 
=a 


LD R, src 
LDB 
LDL 


LD dst, R 
LDB DA 
LDL 
IR 
a 
- 


oF 
BX 
R, src, n IR 
DA 

xX 

LDM IR 
DA 

X 

R 

IR 

DA 

xX 

R 

























Exchange 
R <— src 








Load into Register 
R <— sre 










Load into Memory (Store) 
dst — R 









Load Immediate into Memory 
dst — IM 






_ _ 
ha 
@ 






Load Address 
R <— source address 


Load Address Relative 
R < source address 


Load Constant 
R<«n(n=0.. 


Load Multiple 
R < src (n consecutive words) 
(n=1... 16) 


Load Multiple (Store Multiple) 
dst — R (n consecutive words) 
(n=1... 16) 


Load Relative 
R<sre 
{range —32768... 








15) 




























LDR R, src 

LDRB 

LDRL 

LDR 

LDRB 

LDRL 
POP dst, R 
POPL 


PUSH IR, src 

PUSHL IM 
IR 
DA 
X 


+32767) 








Load Relative (Store Relative) 
dst<R 
(range —32768 .. 


Pop 
dst — IR 
Autoincrement contents of R 






. +32767) 












Push 
Autodecrement contents of R 
IR —src 
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ARITHMETIC 


Addr. 
Operands| Modes Operation 
ADC R, sre Add with Carry 
ADCB R<—R+ src + carry 


ADD R, src R Add 
ADDB R<R+ src 
ADDL IR 

DA 


Compare with Register 
eae R — sre 
CPL 


Compare with Immediate 
dst — IM 


CP dst, {M 
CPB 


[ons [Wa Dest 


DEC dst, n 
DECB 


DIV R, src Divide (signed) 
DIVL Word: Rn+1 <— Rn n+1 = Src 
R, < remainder 
Long Word: Rn+2,n+3 
<—Rh...n+3 + SIC 
Ra,n+1 
<— remainder 


Decrement by n 
dst — dst — n 
(n= 1... 16) 


Extend Sign 

Extend sign of low order half of 
st through high order half of 
dst 


Increment by n 
dst <— dst + n 
(n=1... 16) 


INC dst, n 
INCB 


MULT R, src 
MULTL 
NEG 
NEGB 
— 


SBC R, src Subtract with Carry 
SBCB R <—R - src — carry 


SUB R,sre Subtract 
SUBB R<R- sre 
SUBL 


Multiply (signed) 
Word: Ra.n+1 _— Rn+4 ¢ src 
Long Word: Ry. ..n+3 
— Rn+2,n+3 ° src 
*Plus seven cycles for each 1 
in the multiplicand 


Negate 
dst — 0 — dst 





LOGICAL 


Addr. 
Operands | Modes Operation 


R, src 


AND 
ANDB 


AND 
7 R <— RAND src 
IR 
DA 


X 


R 
IM 
IR 
DA 
X 


R 
IM 
IR 
DA 
X 


R 
IR 
DA 


TCC cc, dst Test Condition Code 
TCCB Set LSB if cc is true 


XOR R, src Exclusive OR 
XORB 
DA 


R <— R XOR src 
PROGRAM CONTROL 


Addr. 
Operands} Modes Operation 


CALL Call Subroutine 
Autodecrement SP 
; = 


Complement 
dst <— NOT dst 


OR 
R<—ROR sre 


TEST 
dst OR 0 











X @ SP <— PC 
PC <— dst 
RA Call Relative 






Autodecrement SP 

@ SP — PC 

PC — PC + dst 

(range —4094 to +4096) 


Decrement and Jump if Non-Zero 
R<R-1 

IF R= 0: PC — PC + dst 
(range —254 to 0) . 










Interrupt Return 
PS — @ SP 
Autoincrement SP 









JP cc, dst IR Jump Conditional 
IR If cc is true: PC — dst 
DA 
Xx 


Jump Conditional Relative 
if cc is true: PC <— PC + dst 
(range —256 to +254) 





eee 


*Privileged instructions. Executed in system mode only. - 


Return Conditional 
If cc is true: PC — @ SP 
Autodecrement SP 









System Call 
Autodecrement SP 
@ SP < old PS 
Push instruction 
PS <— System Call PS 
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| Addr. 
Operand | Modes Operation 


AmZ8002 


BIT MANIPULATION 





Test Bit Static 
Z flag — NOT dst bit specified by b 







BIT dst, b 
BITB 






Test Bit Dynamic 
Z flag — NOT dst bit specified 
by contents of R 


Reset Bit Static 
Reset dst bit specified by b 














Reset Bit Dynamic 
Resel dst bil specified by 
contents of R 


Set Bit Static 
Set dst bit specified by b 


















Set Bit Dynamic 
Set dst bit specified by 
contents of R 


Test and Set 
S flag < MSB of dst 
dst <— all 1s 













ROTATE AND SHIFT 


Addr. 
Operand | Modes Operation 
| R,src | R_ | Rotate Digit Lett 
| Ros | R | Rotate Digit Right 


dst, n Rotate Left 
RLC 


by n bits (n = 1, 2) 
dst, n Rotate Left through Carry 
RLCB by n bits (n = 1, 2) 
RR dst, n 
RRB 
RRC dst, n 
RRCB 






monics 

















Rotate Right 
by n bits (n = 1, 2) 





Rotate Right through Carry 
by n bits (n = 1, 2) 





Shift Dynamic Arithmetic 
Shift dst left or right by 
contents of R 













Shift Dynamic Logical 
Shift dst left or right by 
contents of R 


Shift Left Arithmetic 
by n bits 











Shift Left Logical 
by n bits 









Shift Right Arithmetic 
by n bits 









Shift Right Logica! 
by n bits 
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BLOCK TRANSFER AND STRING MANIPULATION 


Addr. | 
Operands | Modes Operation 


CPD Ry, sre, Compare and Decrement 
CPDB Ry, cc Rx — sre 
Autodecrement src address 
Ry = Ry ~ 1 


CPDR 
CPDRB 


CP] 
CPIB 
CPIR 
CPIRB 
CPSD dst, src, 
CPSDB R, cc 
CPSDR dst, src, 
CPSDRB R, ¢c 

CPSI dst, src, 
CPSIB R, cc 

















Rx, sre, 
Ry, cc 


Compare, Decrement and Repeat 
Rx — src 

‘Autodecrement src address 

Ry <— Ry - 1 

Repeat until cc is true or Ry = 0 


















Rx, sre, 
Ry, cc 


Compare and Increment 
Rx — src 

Autoincrement sre address 
Ry <—_ Ry — 4 






Rx, sre, 
Ry, cc 


Compare, Increment and Repeat 
Rx — sre 

Autoincrement src address 

Ry < Ry - 1 

Repeat until cc is true or Ry = 0 
















Compare String and Decrement 
dst — src 

Autodecrement dst and src 
addresses 

R<-—R-1 


Compare String, Decr. and Repeat 
dst — src 

Autodecrement dst and src 
addresses 

R<—R-1 

Repeat until cc is true or R = 0 


























Compare String and Increment 
dst — src 

Autoincrement dst and src 
addresses 

R<-R-1 





Compare String, Incr. and Repeat 
dst — src 

Autoincrement dst and src 
addresses 

R<R-1 

Repeat until cc is true or R = 0 


CPSIR dst, src 
CPSIRB R, cc 
LOD 

LDDB 


dst, src, 
R 

LDDR dst, src, 
LDDRB R 





Load and Decrement 
dst <— src 
Autodecrement dst and src 
addresses 
R<—R-1 





Load, Decrement and Repeat 
dst <— src 

Autodecrement dst and src 
addresses 
R<-R-1 
Repeat until R = 0 







































LDIR 
LDIRB 


Translate and Decrement 
dst <— src (dst) 
Autodecrement dst address 
R<R-1 








Translate, Decrement and Repeat 
dst <— src (dst) 

Autodecrement dst address 
R<R-1 
Repeat until R = 0 








Translate and Increment 
dst — src (dst) 
Autoincrement dst address 
R<—R-1 














Translate, Increment and Repeat 
dst <- src (dst) 

Autoincrement dst address 
R<R-1 
Repeat until R = 0 










Translate and Test, Decrement 
RH1 < src 2 (sre 1) 
Autodecrement src 1 address 
R<—R-1 









Translate and Test, 

Decrement and Repeat 

RH1 < sre 2 (src 1) 
Autodecrement src 1 address 
R<-R-1 
Repeat until R = 0 or RH? = 0 










BLOCK TRANSFER AND STRING MANIPULATION (Cont.) 
LDI dst, src, Load and Increment 
LDIB R dst <— src 

addresses 
R<R-1 
R dst <— src 
Autoincrement dst and src 
R<R-1 
Repeat until R = 0 
TRDB dst, src, 
R 
TRDRB ; 
- 
TRIRB dst, src, 
R 
TRTDRB src 1, 
src 2,R 
. TRTIB src 1, 
src 2,R 





Translate and Test, Increment 
RH1 <— src 2 (src 1) 
Autoincrement src 1 address 
R<R-1 


Translate and Test, 

Increment and Repeat 

RH1 < sre 2 (src 1) 
Autoincrement src 1 address 
R<—R-1 

Repeat until R = 0 or RH1 = 0 








Addr. 
Operands | Modes Operation 
Autoincrement dst and src 
dst, src Load, Increment and Repeat 
addresses 
dst, src 
R 
R 
TRTDB src 1, 
sic 2, R 
TRTIRB src 1, 
src 2, R 
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INPUT/OUTPUT 


Addr. 
Operands | Modes Operation 
R, src IR Input 
DA |R<src 


dst, src, Input and Decrement 


Mne- 
monics 













R dst <— src 
Autodecrement dst address 
R<R-1 
dst, src, Input, Decrement and Repeat 
R dst <— src 
Autodecrement dst address 
R<R-1 
Repeat until R = 0 
dst, src, input and Increment 
R dst <— src 
Autoincrement dst address 
R<R-1 
dst, src, Input, Increment and Repeat 
R dst < src 


Autoincrement dst address 
R<-R-—1 
Repeat until R = 0 


IR Output 
DA {dst<R 
dst, src, Output and Decrement 
R dst < src 
Autodecrement src address 
R<—R-1 
OTDR* dst, src, Output, Decrement and Repeat 
OTDRB* R dst <— src 
Autodecrement src address 
R<-R-1 
Repeat until R = 0 








OUTI* dst, src, Output and Increment 
OUTIB* R dst <— src 
Autoincrement src address 
R<—R-— 1 
OTIR* 
OTIRB* 





dst, src, Ouput, Increment and Repeat 
R dst <— src 
Autoincrement src address 
R<R-1 
Repeat until R = 0 
SIN* R, src DA | Special Input 
She | [ON RS 
SIND* dst, src, Special Input and Decrement 
SINDB* R dst <— src 
Autodecrement dst address 
R<R-1 
SINDR* dst, src, Special Input, Decr. and Repeat 
SINDRB* R dst — src 
Autodecrement dst address 
R<R-1 
Repeat until R = 0 
SINI* dst, src, Special Input and Increment 
SINIB* R dst < src 
Autoincrement dst address 
R<-—R-1 
SINIR* dst, src, Special Input, Incr. and Repeat 
SINIRB* R 


dst < src 
*Privileged instructions. Executed in system mode only. 










Autoincrement dst address 
R<—R-1 
Repeat until R = 0 
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INPUT/OUTPUT (Cont.) 


Addr. 
Operands | Modes Operation 
dst, src Special Output 
dst <— src 


dst, sre, Special Output and Decrement 
R dst <— src 

Autodecrement src address 

R<R- 1 












Mne- 
monics 











_SOUTD* 
SOUTDB* 





















SOTDR* 
SOTDRB* 


dst, src, 
R 


Special Output, Decr. and Repeat 
dst <— src 

Autodecrement src address 
R<R-1 
Repeat until R = 0 














SOUTI* 
SOUTIB* 


dst, src, Special Output and Increment 
dsi <— sic 

Autoincrement src address 
R<-R-1 















SOTIR* 
SOTIRB* 


Special Output, Incr. and Repeat 
dst < src 

Autoincrement src address 
R<-R-1 
Repeat until R = 0 





CPU CONTROL 


Addr. 
Operands|Modes|_ Operation 

COMFLG Complement Flag 

(Any combination of C, Z, S, P/V) 
int Disable Interrupt 

(Any combination of NVI, VI) 
Enable Interrupt 
pee combination of NVI, V1) 


















































LDCTL* | CTLR, cc into Control Register 
src CTLR < src 
LDCTL* dst, 
CTLR dst — CTLR 
Load into Flag Byte Register 
FLGR < src 
LDCTLB dst, 
FLGR dst < FLGR 
LDPS* src IR Load Program Status 
DA | PS <—sre 
x 
MBIT* Test Multi-Micro Bit 
is Low. 
MSET* | - | — | Multi-Micro Set 
rwop | | - [NoOperaton 
RESFLG Reset Flag 
(Any combination of C, Z, S, P/V) 


Load from Control Register 
LDCTLB | FLGR, 
src 
Load from Flag Byte Register 
Set S if ul is High; reset S if pl 
MREQ* | dst | R | Multi-Micro Request 
SETFLG Set Flag ~ 
(Any combination of C, Z, S, P/V) 
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AmZ8002 
MAXIMUM RATINGS above which useful life may be impaired 





Voltages on all inputs and outputs with respect to GND —0.3 to +7.0V 
Ambient Temperature under bias 0 to 70°C 
Storage Temperature | ~—65 to +150°C 


The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 


static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 


ELECTRICAL CHARACTERISTICS over operating range (Note 1) Amzg002DC 


Parameter Description Test Conditions M 


in 
Clock Input High Voltage Driven by External Clock Generator 
Clock Input Low Voltage Driven by External Clock Generator | 03 | ; 





20 
A 
Vow | Output righ Votage | tow = 2600 —SSCSCS~tC~*‘ CS 
vo. | Outputow votage | ioe=saoma—SSC—=~“~*~—~‘iSC‘“‘*‘*d 
Tin | hpwussiage «df Ode eve TC 
Pion [Ou teskage +d 04=Vour= saa 
Ties | Veo supp cures if SSSCSCSCSSCCS 





Standard Test Conditions 


The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are referenced to 
GND. Positive current flows into the referenced pin. Standard conditions are as follows: 


+4.75V < Veo < +5.25V 
GND = O0V 
0°C < Ty < +70°C 


FROM OUTPUT 
UNDER TEST 


MOS-238 


All AC parameters assume a load capacitance of 100pF max. Timing 
references between two output signals assume a load.difference of 
50pF max. : 
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AmZ8002 


SWITCHING CHARACTERISTICS over operating range 
AmZ8002DC 


Units 


= 
© 
x 


Number Parameter Description Min 
TcC Clock Cycle Time 250 2000 
TwCh Clock Width (High) 105 2000 
TwCl Clock Width (Low) 105 2000 | 
Ee Clock Fall Time 


) 


CG Clock Rise Time 


oO 
a 


) Clock t to Bus Float 
Clock f to Address Valid 
Clock f to Address Float 


Address Valid to Data In Reauired Valid 400 


| 
a 
= 
= 


0 


_ 
oO 


PETIT 
4 H 
Qa ime | 
2 
ee 
N 


| 


0 


-| 
jon 
= 
& 
m 
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Nn 
(=) 


=] 
i?7) 


hk 
—, 


| | 
> 
o . 


TdA(DI) 
TsDI{C) 


ise) 
~J 
Oo 


Data !n to Clock | Set-up Time 
TdDS(A) DS ¢ to Address Active 
TdC(DO) Clock ¢ to Data Out Valid 
ThDI(DS) Data In to DS t Hold Time 
TdDO(DS) Data Out Valid to DS } Delay 230 
TdA(MR) Address Valid to MREQ | Delay 
TdC(MR) Clock | to MREQ | Delay 
TwMRh MREQ Width (High) 190 
TdMR(A) MREQ | to Address Not Active 
TdDO(DSW) Data Out Valid to DS | (Write) Delay 
TdMR(D1) MREQ | to Data In Required Valid 
TdC(MR) Clock | to MREQ + Delay 

TdC(ASf) Clock f to AS | Delay 

TdA(AS) Address Valid to AS f Delay 
TdC(ASr) Clock | to AS t Delay 

TdAS(DI) AS f to Data In Required Valid 
TdDS(AS) DS ft to AS | Delay 

TwAS AS Width (Low) 

TdAS(A) AS ¢ to Address Not Active Delay 
TdAz(DSR) Address Float to DS (Read) | Delay 
TdAS(DSR) AS + to DS (Read) | Delay 
TdDSR(DI) DS (Read) | to Data In Required Valid 155 
TdC(DSr) Clock | to DS t Delay 

TdDS(DO) DS ¢ to Data Out and STATUS Not Valid 
TdA(DSR) Address Valid to DS (Read) | Delay 120 
TdC(DSR) Clock ¢ to DS (Read) | Delay 
TwDSR ‘DS (Read) Width (Low) 

TdC(DSW) Clock | to DS (Write) | Delay 
TwDSW DS (Write) Width (Low) 

TdDSK(DI) DS (Input) | to Data In Required Valid 
TdC(DSf) Clock | to DS (I/O) | Delay 

TwDS DS (I/O) Width (Low) — 

TdAS(DSA) AS ¢ to DS (Acknowledge) | Delay 
TdC(DSA) Clock t to DS (Acknowledge) | Delay 
TdDSA(DI) DS (Acknowledge) | to Data In Required Delay 420 
TdC(S) Clock f to Status Valid Delay | 
TdS(AS) ‘Status Valid to AS ¢ Delay 
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AmZ8002 


SWITCHING CHARACTERISTICS (Cont.) AmzZ8002DC 


Number Parameter Description 


Min 

so [ten | _RESETioGecktHowTme | 

Ps [Twn | want —SSCSC*~‘dCSC*‘“‘SC*” 

[se | tonne) |e Cock Setuptine 

rss tevioy | WiNMto Gok} Setuptine | 
THO) 

a ere 

ieee ener eee 


Units 

















Max 
120 
TsWT(C) WAIT to Clock | Set-up Time 
ThWT(C) WAIT to Clock | Hold Time 
TsBRQ(C) BUSRQ to Clock f Set-up Time 
ThBRQ(C) BUSRQ to Clock t Hold Time 


140 
110 
180 
140 
70 
TdC(BAKr) Clock t to BUSAK ¢ Delay I ee 
TdC(BAKf) Clock ¢ to BUSAK | Delay | 


/ | 
coe , ae ae 
ed ee 
js Pee 
aaa . 100) 
ae Hi , = ae 
| 88 | Td) | Clock tome Demy || tO 
/6o | TsstPic) | STOP to Clock! Setuptime | 0 
js | taste(c) | STOP to Clock {Hold Time | 
jee up Ti ee 
Eee I Le 
Le up T a ae 
I | CO! 
2 
ets eas 


51 
52 
53 
54 
55 
56 
zi a 
s ne 
E oe 

res aa mee 
5 es ee 
E es ee 
= es ee ee 
z ns a ee 
E ee ee 

es 
7 ee 





For more information, refer to these AMD publications: 
Processor Instruction Set (AM-PUBO86). 
Describes each instruction in detail. 250 pp. 


Processor Interface Manual (AM-PUBO089). 
Describes hardware interfacing for interrupts and I/O, including the Am9511A Arithmetic Processor, the 
Am9517A DMA Controller, and the Am9519 Interrupt Controller. 81 pp. 
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RESET 


NMI 


Vi, NVI 


STOP 


WAIT 


BUSRQ 


BUSAK 


CLOCK 


ADO-AD15 


ST0-ST3, 
READ/WRITE, 
NORMAL/SYSTEM, 
BYTE/WORD 


AC TIMING DIAGRAM 


RE: 
S G9) 
| 
eee 
~@-| -— 


<I 
alee 
: 69) 
s,s 
Te 


ADDRESS 


DATA IN 


DATA-OUT 


MEMORY READ 


MEMORY WRITE 


INPUT/OUTPUT 


- INTERRUPT 
ACKNOWLEDGE 


4 


Y, 


AmZ8002 


Timing measurements are made 
at the following voltages. 


HIGH LOW 


Clock 4.0V 0.8V 
Output 2.0V 0.8V 
Input 2.0V 0.8V 


Float (AV) +0.5V +0.5V 


PT @+—-] -+ 


WH 


64) aes Sees! | | 





This composite timing diagram does not show actual timing sequences. Refer to this diagram only for the 
detailed timing relationships of individual edges. Use the preceding illustrations as an explanation of the 


various timing sequences. 
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MOS-239 








Am2Z8010 


Memory Management Unit 


ADVANCED DATA 

















DISTINCTIVE CHARACTERISTICS 


Logical to Physical address translation 

Dynamic segment relocation 

64 segments per MMU 

Segment sizes individually assignable from 256 to 64K bytes 
Size limit protection 

Segment protection attributes for system security 


GENERAL DESCRIPTION 


The AmZ8010 Memory Management Unit (MMU) is a high-per- 
formance, LSI product which adds sophisticated address trans- 
lation and memory protection capabilities to AmZ8001 CPU 
systems. Addresses output by the CPU consist of a 7-bit seg- 
ment number and a 16-bit offset. The MMU uses the segment 
number to index an address translation table. The offset is 



































— System only added to the segment base to form the physical address. A 
~ Execute only separate table allows the user to individually program each 
— Read only segment size from 256 to 64K bytes. 

~ CPU only The MMU also contains a table of access attributes which are 


— Segment invalid 
@ Segment history aids paging 
— Segment referenced 
— Segment changed 


individually programmable for each segment. Attributes pro- 
vided are Read Only, System Mode Only, Invalid Segment, 
Execute Only, and CPU Only (Exclude DMA). A trap is issued to 
the CPU and writes to memory are suppressed if an access is 
attempted which is prohibited by the attributes or which falls 
outside of the programmed segment size. 

















INTERFACE FLOW CONNECTION DIAGRAM 


Top View 
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AmZ8010 
MMU 


BUS 
CONTROL 





MOS-291 


For more information see “The AmZ8010 Memory Management 


Unit” AM-PUBOS3. Note: Pin 1 is marked for orientation. 
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AmZ8010 


BLOCK DIAGRAM | ADDRESS TRANSLATION MECHANISM 


15 8 7 0 


STATUS SEGMENT A8-A15 A0-A7 23-BIT LOGICAL ADDRESS OFFSET 


Canine: ee 


MANAGEMENT 
UNIT 
Am2Z8010 
PROTECT TRANSLATE 
TABLE TABLE 


BASE ADDRESS 
Wemony TAGLE 
64 X 16 
compare | | compan — | 


CONTROL 





MOS-292 MOS-293 


ADO-AD7 





CPU TO MMU BLOCK INTERFACE — MOS-294 





4-43 


AmZ8016 


DMA Transfer Controller 


ADVANCED DATA 


DISTINCTIVE CHARACTERISTICS 


Two independent high-speed DMA channels 
Memory/Peripheral transfers up to 2M bytes/sec 
Memory/Memory transfers up to 1.3M bytes/sec 
Fully compatible with AmZ8000 systems 
Full 8M byte logical addressing range 
Supports both logical and physical addressing 
Control parameters self-loaded from memory 
Successive transfer operations automatically chained without 
CPU intervention 
Base registers for efficient repetitive operations 

» Programmable data matching with masking 
Vectored interrupts facilitate control coordination with CPU 
48-pin DIP package 
+5V power supply 


GENERAL DESCRIPTION 


The AmZ8016 Direct Memory Access Transfer Controller (DTC) 
is a high-performance, LSI peripheral support circuit. With full 
AmZ8000 family bus compatibility, the DTC has been designed 
for ease of use in a variety of environments. 


The AmZ8016 supports high-speed transfers between any mix of 
word/byte and memory/IO sources. To support variable length 
data blocks, the DTC permits search and transfer-and-search 
operations. Either 8-bit or 16-bit. patterns may be used with 
masking, to permit searching for control codes or other 
specialized bit patterns. Communications between the DTC and 
the CPU is enhanced by an interrupt interface. 


Included on the DTC are base registers permitting automatic 


reloading of the source, destination and byte count registers 
without bus overhead. Moreover, each channel! contains circuitry 
capable of reloading any of the channel's registers from a control 
block in memory. Control blocks can be chained together. Since 
the DTC may be programmed .to generate either physical or 
logical addresses it may. be used either with or without an 
AmZ8010 Memory Management Unit and may be physically 
positioned with the peripheral (distributed DMA) or with the CPU 
(central DMA). - 7 


INTERFACE FLOW 


48 PINS 


DMA 
INTERFACE 
BREQ 
INTERFACE 
INTERRUPT 
INTERFACE 





Am2Z8016 


BLOCK DIAGRAM 


SEGO- DMA Transfer Controller 
SEG7 


ADO- SEGMENT 


INCREMENT/ 
AD1S DRIVERS DECREMENTER COMPARATOR 


DECREMENT 





ADDRESS/ CURRENT CURRENT ANDO INTERRUPT 
~ DATA AND BASE BASE RA AND VECTOR 
‘BUFFERS BYTE COUNTS RB REGISTERS REGISTERS 


16 16 16 


PATTERN MASK 


REGISTERS REGISTERS 





INTERNAL BUS 


8 16 16 










CHAIN CHAIN MASTER COMMAND/ CHANNEL 
ADDRESS CONTROL MODE STATUS MODE 
REGISTER REGISTER REGISTER REGISTER REGISTERS 


REQ1, REQ2 
ACK1, ACK2 
CONTROLLER 
EOP 
MOS-296 


DTC CONFIGURATION OPTIONS 






























Amz8001 
OR PERIPHERALS AmZ8016 
DTC 
AmzZ8002 


MEMORY 







MEMORY 


b) Segmented System with Physical DMA Addressing 


AmzZ8001 AmZ8016 
CPU DTC 


AmZ8010 
MMU PERIPHERALS 


c) Segmented System with Logical Addressing MOS-297 






MEMORY 
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AmZ8030 


Serial Communications Controller 


ADVANCED DATA 















DISTINCTIVE CHARACTERISTICS 


Two independent serial full-duplex channels 
e Buffered receiver and transmitter data registers 

e All popular data formats 

~ Asynchronous 

— Synchronous Byte Oriented protocols 

— Synchronous Bit Oriented protocols 

Data rates up to 880K bits/sec 

CRC-16 or CCITT block frame check 

Internal baud rate generation 

Separate modem controls for both channels 

Interrupt interface with programmable interrupt vectors 
40-pin DIP package 

+5V power supply 
















INTERFACE FLOW 
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CONTROL scc 


MODEM A 
CONTROL 


SERIAL DATA A 








SERIAL DATA B 


MODEM B 
CONTROL 


INTERRUPT 
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GENERAL DESCRIPTION 


The AmZ8030 is a high-performance dual-channel multifunction 
serial communication controller (SCC). It is capable of handling 
serial-to-parallel and parallel-to-serial conversions for asyn- 
chronous modes, synchronous byte-oriented protocols such as 
IBM bisync, and synchronous bit-oriented protocols such as 
HDLC and SDLC. It generates and checks CRC codes in any 
synchronous mode. 





It features two independent sets of four modem control signals 
with quadruply buffered receiver data and doubly buffered 
transmitter data for more tolerant host processor or DMA data 
transfers. Each channel includes baud rate generation. 


Its flexible daisy chain priority interrupt structure allows it to out- 
put an interrupt vector pointing to the correct routine by providing 
prioritized status information for the transmitter, receiver and 
External/Status interrupts. It can also be used in a polled envi- 
ronment or can output interrupt without vector. 


CONNECTION DIAGRAM 
Top View 


AD1[_11 © 40 [__] ADo 
AD3[ 42 39] | AD2 
ADS [43 38 |] apa 
AD7 [|_| 4 37 |_] AD6 
int [_] 5 36 [__]Ds 
Ico [_] 6 | _JAS 

11 [_]7 34 [__]Riw 

INTACK [_] 8 33 [_] cso 

+5V [499 32 L._jcs1 


AmZ8030 


Sscc 317 }GND 


30 [_] w/REQ 
|__| SYNCB 


RxDA L_| 28 | ) RTxcB 

TAxCA [_] 27 [_] RxDB 

TxDA [_| 26 (__} TrxcB 
25 [__] TxpB 


24 | J DTR/REQ 


CTSA L_| 23 [_]RTSs 
DCDA L_] 22 1 _JcTsB 
PCLK [1 21 __]pcps 
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Note: Pin 1 is marked for orientation. 
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BLOCK DIAGRAM 
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AmZ8030 


SERIAL DATA 


CHANNEL A | cranes CLOCKS 


SYNC 
WAIT/REQUEST 


n | DISCRETE | 


CONTROL MODEM, UMA, OH 
& STATUS OTHER CONTROLS 
A 


DISCRETE 
CONTROL MODEM, DMA, OR 


& STATUS OTHER CONTROLS 
B 





CHANNEL B 
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CHANNEL CLOCKS 


SYNC 
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AmZ8036 


Counter/Timer and Parallel I/O Unit 


ADVANCED DATA 
























DISTINCTIVE CHARACTERISTICS 


Two general purpose 8-bit I/O ports 
Special purpose 4-bit control port 

Three independent 16-bit counter/timers 
Data Pattern matching with masking 
Interrupt control and interface 

Bit interface option 

One’s catching input option 

Open drain output option 

interlocked, pulsed, strobed or 3-wire handshaking 
40-pin DIP package 

+5V power supply 





GENERAL DESCRIPTION 


The AmZ8036 counter/timer and parallel I/O is a general pur- 
pose peripheral device. It can perform as an interrupt controller 
as well as a flexible parallel data interface with various hand- 
shaking modes. Two double-buffered general purpose 8-bit 
ports can be used independently or linked to form a 16-bit port. 
The port bits can also operate individually with each bit direction 
individually programmable. A 4-bit port can be used as I/O or to 
provide handshake controls. Data pattern matching with indi- 
vidually maskable bits is available for each 8-bit port. 





Three independent 16-bit counters can operate in single or con- 
tinous cycles. Two may be linked together internally. The count- 
ers Can count internal clocks or can count external events. 





INTERFACE FLOW CONNECTION DIAGRAM 


Top View 
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Note: Pin 1 is marked for orientation. 
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BLOCK DIAGRAM 
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Am2Z8038 


FIFO Input/Output Interface Unit 


ADVANCED DATA 
























DISTINCTIVE CHARACTERISTICS 


General purpose FIFO buffered 8-bit I/O port 
128 x 8 internal bidirectional FIFO 
Expandable in width and depth 

Buffers CPU to CPU and CPU to peripheral 
Simultaneous asynchronous read and write operations 
Interrupt Daisy Chain Interface 

Eight prioritized vectored interrupt sources 
General purpose or CPU-Bus interface 

Flyby DMA interface 

Pattern matching with mask 

IEEE-488 or Interlocked handshake post 
40-pin DIP package 

+5V power supply 


GENERAL DESCRIPTION 


The AmZ8038 FIFO I/O (FIO) is a general-purpose 8-bit I/O port 
with a 128 x 8 bidirectional FIFO buffer memory between the 
port and the CPU bus. It functions as a buffered “elastic” gen- 
eral purpose interface. It has an 8-bit Master side which controls 
direction of data transfer, and 8-bit slave side which follows the 
data direction. It is capable of simultaneous, asynchronous, in- 
dependent read and write operations. 





The AmZ8038 has several control lines that may be used to 
interface to a DMA device or to synchronize the servicing pro- 
cessor. Two handshake lines allow direct interfacing to other 
peripheral devices. Buffer status (FULL and EMPTY) is also 
available as separate pins. Byte pattern matching with individual 
bit masking is available to generate an interrupt or to disable 
data loading. A daisy chain interrupt structure with eight 
prioritized Vectors is available for status information to the host 
processor. 





Many types of handshaking interfaces are available including 
Interlocked and IEEE-488. 


INTERFACE FLOW CONNECTION DIAGRAM 
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Note: Pin 1 is marked for orientation. 
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AmZ8052 


CRT Controller 


ADVANCED DATA 









DISTINCTIVE CHARACTERISTICS 


16-bit Address/Data port for host processor 

Multiple character attributes on a per-character basis 
Redefinable row attributes 

Linked list buffer addressing 

External source vertical frame rate sync input 

Flexible vertical and horizontal sync and blank control 
Programmable vertical and horizontal split-screen capability 
5-bit Character Generator row addressing 
Super/subscript capability — 

Multiple cursors 

Variable scans per row 

48-pin package 

Various blink rates and duty cycles for characters and 
cursor 

Variable character clock frequency 

+5V power supply 


GENERAL DESCRIPTION 


The AmZ8052 CRTC is a new generation raster scan alpha- 
numeric display controller. It features host processor access to 
the display memory without contention; linked list addressing of 
character data; double character per cell display with variable 
vertical position; vertical retrace synchronization to an external 
source; and a variable character clock frequency input for 
character justification or character font mix. Scan lines per. 
character are variable on row-by-row basis. Blinking rates are 
individually selectable for cursors and characters. 


















Row attributes define the address of the character data, scan line 
count of the current row, vertical shift options per character row 
and vertical split screen location. Character attributes are stored 
on a character-by-character basis. 






INTERFACE FLOW CONNECTION DIAGRAM 
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AmZ8060 


FIFO Buffer Unit and FIO Expander 


ADVANCED DATA 


DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 


General purpose 8-bit FIFO The AmZ8030 FIFO is a 128 x 8 bidirectional buffer. It is de- 
128 x 8 bidirectional FIFO signed to operate as a stand-alone FIFO or to be used to expand 
Expandable in width and depth the AmZ8033 buffer depth. The FIFO buffers can be cascaded 
Extends depth capability of AmZ8038 FIO without limit by daisy-chaining the RFD/DAV and ACKIN signals. 
Asynchronous The structure of the AmZ8038 FIFOs are similar to the Am2812. 
+5V power supply The FIFO is capable of simultaneous, asynchronous, indepen- 
dent read and write operations. 

The AmZ8038 has control lines that may be used to interface to 
other devices or to synchronize the servicing processor. Two 
handshake lines allow direct interfacing to other peripheral de- 


vices. Buffer status (FULL and EMPTY) is also available as 
separate pins. 


INTERFACE FLOW CONNECTION DIAGRAM 
Top View 
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Note: Pin 1 is marked for orientation. 
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Amz8065. 


Burst Error Processor 


ADVANCED DATA 


DISTINCTIVE CHARACTERISTICS 


Burst error detection and correction 

Four selectable industry-standard polynomials including 56 
and 48-bit IBM versions 

Serial data rates up to 20M bits/sec 

12-bit error pattern output 


High-speed correction facilities based on Chinese Remainder — 


theorem 

Single burst error correction 

Selectable error check modes in write mode 
8-bit data port ) 7 
40-pin DIP package 

—5V power supply 


INTERFACE FLOW 
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GENERAL DESCRIPTION 


The AmZ8065 Burst Error Processor (BEP) is a peripheral 
interface circuit for serial or parallel data error detection and 
correction. It is used in applications such as high performance 
disk systems. Four different generator polynomials are internally 
encoded to satisfy a broad range of applications. 


Data is entered in 8-bit (byte) parallel format and check bits are 
provided in the same parallel format. 


Write data is entered on the fly into the AmZ8065 while blocks 
are written to the associated disk and check bits are extracted 
following the last data byte. A Read Normal mode performs 
extraction of the error pattern and location while a Read High 
Speed mode allows direct division of data by the factors of the 
generator polynomial. A Divide mode generates output check 
bits and validates data. The Compute mode initiates a data cor- 
rection process by locating and outputting the error pattern for 
correction. 


CONNECTION DIAGRAM 
Top View 


omen fone WH = 


AmZ8065 





MOS-313 


Note: Pin 1 is marked for orientation. 


AmZ8065 


BLOCK DIAGRAM 








L_ > £0 
| > PAR 
STATUS 
LOGIC > EPS 
L_> EP2 
[> epi 
MODE L_=> EP 
C1 
Co 
si 
SO 
" P3! CONTROL REGISTER 
pe LOGIC ARRAY Q7-0, 
es 7 Petre 
Pt 
Po 
REP 
cP 
MR O 
POLYNOMIAL 
DIVIDE 
MATRIX 
4, DATA IN D7-D0 
MOS-314 
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AmZ8068 


Data Ciphering Processor 


ADVANCED DATA 


DISTINCTIVE CHARACTERISTICS 


Standard encryption and decryption algorithms 
Throughput rates greater than 1 megabyte per second 
Supports three standard ciphering options 

— Electronic Code Book 

— Cipher Feedback 

— Chain Block 

Master, Encrypt and Decrypt key registers 

Key parity check 

Separate key port 

Session keys and Initializing Vectors may be entered 
encrypted or clear | 

Master data port for bidirectional bus operation 

Slave data port for pipelined operation 

40-pin DIP package 

+5V power supply 


INTERFACE FLOW 


48 PINS 


MASTER 
PORT 


BUS 
CONTROL 


DMA 
CONTROL 





4-58 


GENERAL DESCRIPTION 


The AmZ8068 Data Ciphering Processor is an N-channel silicon 
gate LSI product containing the circuitry necessary to encrypt 
and decrypt data using the National Bureau of Standards en- 
cryption algorithm. It is designed to be used in a variety of envi- 
ronments including dedicated controllers, communication con- 
centrators, terminals and peripheral task processors in general 
processor systems. The DCP provides a high throughput rate 
using Cipher Feedback, Electronic Code Book or Chain Block 
Cipher operating modes. Separate ports are provided for key 
input, clear data and enciphered data to enhance security. 


The system communicates with the Am8068 using commands 
entered in the master port and through auxiliary control lines. 
Once set up, data can flow through the DCP at high speeds 
because input, output and ciphering activities are all performed 
concurrently. External DMA control can easily be used to en- 
hance throughput in some system configurations. This device is 
designed to interface directly to the AmZ8000 CPU bus and, 
with a minimum of external logic, to the 2900, 8080, 8085 and 
8048 families of processors. 


CONNECTION DIAGRAM 
Top View 


vcc 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Note: Pin 1 is marked for orientation. MOS-326 


AmZ8068 


BLOCK DIAGRAM 


8 PORT 













McS x 
MAS MASTER MODE, STATUS wa MICRO- CLK 
-—— PORT AND BEC PROGRAMMED 
MDS CONTROL COMMAND ‘ MACHINE 
MFLG LOGIC REGISTERS 
MR/W 
SP0-SP7 Siaie aes 
, PORT REGISTER 
Scs 
—— SLAVE 
SDS PORT 
SFLG CONTROL ALGORITHM [| 
LOGIC PROCESSOR [| 
AUX7 
AUXOAUX7 TAU XILIARY OUTPUT MASTER D E 
PORT REGISTER KEY KEY KEY 
—. || AUXILIARY 
ASTB PORT 
AFLG CONTROL 


LOGIC 





MOS-316 
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AmZ8073 


System Timing Controller 


DISTINCTIVE CHARACTERISTICS 


Five independent 16-bit counters 

High speed counting rates 

Up/down and binary/BCD counting 

Internal oscillator frequency source 
Tapped frequency scaler 

Programmable frequency output 

8-bit or 16-bit bus interface 

Time-of-day option 

Alarm comparators on counters 1 and 2 
Complex duty cycle outputs 

One-shot or continuous outputs 
Programmable count/gate source selection 
Programmable input and output polarities 
Programmable gating functions 
Retriggering capability 

+5 volt power supply 

Standard 40-pin package 

100% MIL-STD-883 reliability assurance testing 


INTERFACE FLOW 


40 PINS 


a, 


BUS 
CONTROL 





PRELIMINARY DATA 


GENERAL DESCRIPTION 


The AmZ8073 System Timing Controller is an LSI circuit de- 
signed to service many types of counting, sequencing and tim- 
ing applications. It provides the capability for programmable fre- 
quency synthesis, high resolution programmable duty cycle 
waveforms, retriggerable digital one-shots, time-of-day clocking, 
coincidence alarms, complex pulse generation, high resolution 
baud rate generation, frequency shift keying, stop-watching 
timing, event count accumulation, waveform analysis and many 
more. A variety of programmable operating modes and control 
features allow the AmZ8073 to be personalized for particular | 
applications as well as dynamically reconfigured under program 
control. 


The STC includes five general-purpose 16-pit counters. A variety 


of internal frequency sources and external pins may be selected 
as inputs for individual counters with software selectable active- 
high or active-low input polarity. Both hardware and software 
gating of each counter is available. Three-state outputs for each 
counter provide pulses or levels and can be active-high or ac- 
tive-low. The counters can be programmed to count up ordown in 
either binary or BCD. The host processor may read an accumu- 
lated count at any time without disturbing the counting process. 
Any of the counters may be internally concatenated to form any 
effective counter length up to 80 bits. 


CONNECTION DIAGRAM 
Top View 





(+5V) VCC OUT 3 
OUT 2 GATE 2 
OUT 1 OUT 4 
GATE 1 OUT 5 
x1 GATE 3 
x2 GATE 4 
FOUT GATE 5 
c/d SOURCE 1 
WR SOURCE 2 
cS SOURCE 3 
RD SOURCE 4 
DBO SOURCE 5 
DBI OB15 
O0B2 DB14 
DB3 DB13 
DB4 DB12/GATE 5A 
DBS DB11/GATE 4A 
DB6 DB10/GATE 3A 
DB7 DB9/GATE 2A 
GATE 1A/DB8 VSS (GND) 
MOS-318 


Note: Pin 1 is marked for orientation. 


Am2Z8073 


FUNCTIONAL BLOCK DIAGRAM 





















SOURCE 1-5 
GATE 1-5 S 
x1 
: 16-BIT COUNTER ts 
OSCILLATOR OUTS 
oe FREQUENCY SCALER GA 
= 4-BIT COUNTER i ei a 
FOUT DIVIDER era 7 
8-BIT 6-BIT 8-BIT i 
COMMAND DATA STATUS : eas COUNTER 3 LOGIC GROUP OUT3 
REGISTER POINTER REGISTER rots fe | 
| i 
BUS 
16-BIT MASTER oa ee 
ous MODE REGISTER Paleelese| COUNTER 2 LOGIC GROUP OUT2 
BUS jettles || counter 1 Loaic arou ouTt 
INTERFACE me 
CONTROL — 


vcc VSS 





MOS-319 
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Am2Z8103 ¢ AmZ8104 


Octal Three-State Bidirectional Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 


@ 8-bit bidirectional data flow reduces system package count 
3-state inputs/outputs for interfacing with bus-oriented 
systems 

PNP inputs reduce input loading 
VCC — 1.15V VOH interfaces with TTL, MOS and CMOS 
48mA, 300pF bus drive capability 
AmZ8103 inverting transceivers 


AmZ8104 non-inverting transceivers 


20-pin ceramic and molded DIP package 
Low power — 8mA per bidirectional bit 
Advanced Schottky processing 


100% product assurance screening to MIL-STD-883 
requirements 


Ag Ay 


CHIP 
DISABLE 
cD 


RECEIVE U 
(T/R) 


CONNECTION DIAGRAM 
Top View 


AmZ8103/ 
AmZ8104 


Transmit/Receive and Chip Disable simplify control logic 


Bus port stays in hi-impedance state during power up/down 





FUNCTIONAL DESCRIPTION 


The AmZ8103 and AmZ8104 are 8-bit 3-state Schottky transceiv- 
ers. They provide bidirectional drive for bus-oriented micro- 
processor and digital communications systems. Straight through 
bidirectional transceivers are featured, with 24mA drive capability 
on the A ports and 48mA bus drive capability on the B ports. PNP 
inputs are incorporated to reduce input loading. 


One input, Transmit/Receive determines the direction of logic 
signals through the bidirectional transceiver. The Chip Disable 
input disables both A and B ports by placing them in a 3-state 
condition. Chip Disable is functionally the same as an active LOW 
chip select. 


The output high voltage (VOH) is specified at VCC — 1.15V 
minimum to allow interfacing with MOS, CMOS, TTL, ROM, RAM, 
or microprocessors. 


AmZ8104 
LOGIC DIAGRAM 


oP u ial - ly ie e 
| A A A /\ {\ A 
TRANSMIT/ BD 


















Ag Ag Ag As Ag Aj 
I oan fi ii fi 1 
EA. a 
Ba 83 Bg Bs Bg B7 
AmZ8103 has inverting transceivers. BLI-216 
LOGIC SYMBOL 
A PORT 
1 2 3 4 5 6 7 8 
Ay A2 Az Aq Ag Ag AZ 
. AmZ8103/ 
ii AmZ8104 
Bo B, B82 B3 Bg B85 Bg B7 
19 18 #37)0« «160615 = «614 ~=«©613~—~—12 
A” 
B PORT 
BLI-169 BLI-170 
VCC = Pin 20 
GND = Pin 10 


Pin 1 is marked for orientation. 
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AmZ8103 » AmZ8104 


AmZ8103 « AmZ8104 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature . —65 to +150°C 





Supply Voltage 7.0V 
Input Voltage 5.5V 
Output Voltage 5.5V 
Lead Temperature (Soldering, 10 seconds) 300° 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Noted: 


MIL Ta = -55 to +125°C VCC MIN=4.5V VCC MAX = 5.5V 


O 





COM’L Ta, = Oto 70°C VCC MIN = 4.75V) VCC MAX = 5.25V 
DC ELECTRICAL CHARACTERISTICS over operating temperature range fvp 
Paramoters Neccrintion Test Conditions Min (Note 1) Max Units 


nm no 
“NI NI 


A PORT (A0-A7) 
VIH Logical “1” Input Voltage CD = VIL MAX, T/R = 2.0V . 


: = COM'L 
VIL Logical “0” Input Voltage cite lie 


cies CD = VIL MAX, _ 1OH = -0.4mA VCC-1.15 
VOH Logical “1” Output Voltage T/A = 0.BV a 


Volts 


Volts 


VCC-0.7 
3.95 


Volts 


IOH = —3.0mA 
ae CD = VIL MAX IOL = 12mA 
VOL Logical Vol a 

O gical “0” Output Voltage TR = 0.8V COM'L, IOL = 24mA 


Bi CD = VIL MAX, T/R = O.8V, VO = OV, 
Output Short Circuit Current VCC = MAX, Note 2 


Logical “1” Input Current CD = VIL MAX, T/R = 2.0V, VI = 2.7V 
Input Current at Maximum Input Voltage CD = 2.0V, VCC = MAX, VI = VCC MAX 
Logical “0” Input Current CD = VIL MAX, T/R = 2.0V, VI = 0.4V 


Input Clamp Voltage CD = 2.0V, IIN = —12mA | 


VO = 0.4V 
Output/Input 3-State Current CD = 2.0V 
VO =40V — 


2 B PORT (B0-B7) 


VIH Logical “1” Input Voltage CD = VIL MAX, T/R = VIL MAX | 
ical “0” CD = VIL MAX, COM'L 
VIL Logical “0” input Voltage T/R = VIL MAX Tl 
oc a 


H = -—0.4mA 


cal Sr ti 
VOH Logical “1” Output Voltage TA = 2.0V 1OH 5mA : 


olts 


Oo 
~J 


3 
> 


=75 





: 


< 
> > 


mA 
BA 
Voits 


—200 
—1.5 


70 
=—0,7. 


< 
oO 


= 





Volts 


Volts 


[o) 
NN 


VCC— 1.15 VCC-0.8 








> 


p38 | +d; CVots 
VOL Logical “0” Output Voltage CD_= VIL MAX, | OL =20mA | 04 | Volts 
TIR = 2.0V OL = 48mA re 
faa CD = VIL MAX, T/R = 2.0V, VO = OV, 7 _ 
VC Input Clamp Voltage CD = 2.0V, tIN = —-12mA PE 0.7 | -1.5 
Lae 


VO = 0.4V 
Output/Input 3-State Current CD = 2.0V 
VO = 4.0V 


CONTROL INPUTS CD, T/R 


Logical “1” Input Vottage i ee 


| COM'’L . 
Logical “0” Input Voltage MIL 





Volts 


Volts 


°o 
o 
rs) N 
a 
> 


Oo 
a 
Le] 
o 


r 
> 


Logical “1” Input Current “VI=2.7V 
input Current at Maximum Input Voltage VCC = MAX, VI = VCC MAX 


‘O” Input Current VI = 0.4V 
VC Input Clamp Voltage IN = —12mA 


POWER SUPPLY CURRENT 
CD =, Vi = 2.0V, VCC = MAX 
AmZ8103 = 
CD = 0.4V, VINA = T/R = 2V, VCC = MAX 
CD = 2.0V, VI = 0.4V, VCC = MAX 
AmZ8104 —- 
CD = VINA = 0.4V, T/R = 2V, VCC = MAX 
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ViH 

VIL 
IIH 
IL 


| Logical ‘ 


Volts 


1 
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uo 
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ICC Power Supply Current 
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AmZ8103 
AC ELECTRICAL CHARACTERISTICS (vcc = 5.0V, Ta = 25°C) typ 
Parameters Description Test Conditions Min (Note 1) Max Units 


A PORT DATA/MODE SPECIFICATIONS 


Propagation Delay to a Logical “0” from CD = 0.4V, T/R = 0.4V (Figure 1) 
B Port to A Port R1 = 1k, R2 = 5k, C1 = 30pF 


Propagation Delay to a Logical “1” from CD = 0.4V, T/R = 0.4V (Figure 1) 
B Port to A Port R1 = 1k, R2 = 5k, C1 = 30pF 


Propagation Delay from a Logical “0” to BO to B7 = 2.4V, T/R = 0.4V (Figure 3) 
3-State from CD to A Port S3 = 1, R5 = 1k, C4 = 15pF 


Propagation Delay from a Logical “1” to BO to B7 = 0.4V, T/R = 0.4V (Figure 3) 
3-State from CD to A Port S3 = 0, R5 = 1k, C4 = 15pF 


Propagation Delay from 3-State to BO to B7 = 2.4V, T/R = 0.4V (Figure 3) 
a Logical “0” from CD to A Port $3 = 1, R5 = 1k, C4 = 30pF 


Propagation Delay from 3-State to BO to B7 = 0.4V, T/R = 0.4V (Figure 3) 
a Logical “1” from CD to A Port S3 = 0, R5 = 5k, C4 = 30pF 


tPDHLA 


tPDLHA 


tPLZA 


tPHZA 


tPZLA 


tPZHA 


B PORT DATA/MODE SPECIFICATIONS 
CD = 0.4V, T/R = 2.4V (Figure 1) 
R1 = 1000, R2 = 1k, C1 = 300pF 


[Ri= corn, R2= 8 cr= «spr | «di? d| 


. oe CD = 0.4V, T/R = 2.4V (Figure 1) ‘c 
ropagation Delay to a Logical “1” from = w _ 
tPDLHB A Port to B Port R1 = 100, R2 = tk, C1 = 300pF 


R1 = 6672, R2 = 5k, C1 = 45pF Pf] 


Propagation Delay from a Logical “0” to | AO to A7 = 2.4V, T/R = 2.4V (Figure 3) 43 
3-State from CD to B Port S3 = 1, R5 = 1k, C4 = 15pF 


- Propagation Delay to a Logical “0” from 


tPOHLB A Port to B Port 


Propagation Delay from A Logical “1” to | AO to A7 = 0.4V, T/R = 2.4V (Figure 3) 
3-State from CD to B Port S3 = 0, R5 = 1k, C4 = 15pF 

AO to A7 = 2.4V, T/R = 2.4V (Figure 3) 
S3 = 1, R5 = 1000, C4 = 300pF 

S3 = 1, R5 = 6670, C4 = 45pF 


Becta ie AO to A7 = 0.4V, T/R = 2.4V (Figure 3) 
A a ace a gr 
a‘Logical “1” from CD to B Port Se Oso US t= 200pF 


S3 = 0, R5 = 5kN, C4 = 45pF 


Propagation Delay from 3-State to 
a Logical “0” from CD to B Port 


CD = 0.4V (Figure 2) 

S1 = 1, R4 = 1000, C3 = 5pF 

S2 = 1, R3 = 1k, C2 = 30pF 

CD = 0.4V (Figure 2) 

S1 = 0, R4 = 1000, C3 = 5pF 
$2 = 0, R3 = 5k, C2 = 30pF 

CD = 0.4V (Figure 2) 

S1 = 1, R4 = 100, C3 = 300pF 

S2 = 1, R3 = 300M, C2 = 5pF 

CD = 0.4V (Figure 2) . 

S1 = 0, R4 = 1k, C3 = 300pF 

S2 = 0, R3 = 3000, C2 = 5pF 


Propagation Delay from Transmit Mode 
to Receive a Logical “0,” T/R to A Port 


Propagation Delay from Transmit Mode 
to Receive a Logical “1,” T/R to A Port 


Propagation Delay from Receive Mode 
to Transmit a Logical “0,” T/R to B Port 


Propagation Delay from Receive Mode 
to Transmit a Logical “1,” T/R to B Port 





Notes: 1. All typical values given are for VCC = 5.0V and Ta = 25°C. 
2. Only one output at a time should be shorted. 


FUNCTIONAL TABLE 


0 1 
A Port Out In HI-Z 
In Out 
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AmZ8104 
AC ELECTRICAL CHARACTERISTICS (VCC = 5.0V, T, = 25°C) 


Test Conditions 


Parameters Description 










Propagation Delay to a Logical “0” from 


HEDIS: 1 oB-part oA Pod 


Propagation Delay to a Logical “1” from 
B Port to A Port 


Propagation Delay from a Logical “0” to 
3-State from CD to A Port 


tPDLHA 


tPLZA 


Propagation Delay from a Logical “1” to 


tPHZA 3-State from CD to A Port 


Propagation Delay from 3-State to 


ces a Logical “0” from CD to A Port 


Propagation Delay from 3-State to 


tPZHA 
a Logical “1” from CD to A Port 


Propagation Delay to Logical “0” from 
A Port to B Port 






tPDHLB 








Propagation Delay to Logical “1” from 
A Port to B Port 


Propagation Delay from a Logical “0” to 
3-State from CD to B Port 
Propagation Delay from a Logical “1” to 
3-State from CD to B Port 


tPDLHB » 


tPLZB 


tPHZB 






Propagation Delay from 3-State to 


ia a Logical “0” from CD to B Port 






Propagation Delay from 3-State to 


nee a Logical “1” from CD to B Port 









Propagation Delay from Transmit Mode 


Ae to Receive a Logical “0,” T/R to A Port 


Propagation Delay from Transmit Mode 


BD to Receive a Logical “1,” T/R to A Port 


Propagation Delay from Receive Mode 


ir to Transmit a Logical “0,” T/R to B Port 








Propagation Delay from Receive Mode 


rae to Transmit a Logical “1,” T/R to B Port 


A PORT DATA/MODE SPECIFICATIONS 















B PORT DATA/MODE SPECIFICATIONS 












R1 = 6672, R2 = 5k, C1 = 45pF 
R1 = 6672, R2 = 5k, C1 = 45pF 













S3 = 1, R5 = 6670, C4 = 45pF 








S3 = 0, R5 = 5kQ, C4 = 45pF 


TRANSMIT RECEIVE MODE SPECIFICATIONS 














AmZ8103 « AmZ8104 


Typ 


Min (Note 1) Max Units 





CD = 0.4V, T/R = 0.4V (Figure 1) 


R1 = 1k, R2 = 5k, C1 = 30pF 


CD =0.4V, T/R = 0.4V (Figure 1) 
R1 = 1k, R2 = 5k, C1 = 30pF 


_ 
Ww 
—h 


BO to B7 = 0.4V, T/R = 0.4V (Figure 3) 
S3 = 1, R5 = 1k, C4 = 15pF 


BO to B7 = 2.4V, T/R = 0.4V (Figure 3) 
S3 = 0, R5 = 1k, C4 = 15pF 


BO to B7 = 0.4V, T/R = 0.4V (Figure 3) 
S3 = 1, R5 = 1k, C4 = 30pF 


w 
ol 


‘ ! _ = 
nn ol co 


i) 
~ 


=_ —_ 
—_ f 


BO to B7 = 2.4V, T/R = 0.4V (Figure 3) 


= 
Oo 
‘3 
nn 


ns 


S3 = 0, R5 = 5k, C4 = 30pF 


CD = 0.4V, T/R = 2.4V (Figure 1) 
R1 = 100, R2 = 1k, C1 = 300pF 


N 
Ww 


—_. 
_ 
—_d 


CD = 0.4V, T/R = 2.4V (Figure 1) 
R1 = 1009, R2 = 1k, C1 = 300pF 







Nh 
oe) 





ah 
—h 
=_k 


AO to A7 = 0.4V, T/R = 2.4V (Figure 3) 
S3 = 1, R5 = 1k, C4 = 15pF 


AO to A7 = 2.4V, T/R = 2.4V (Figure 3) 
S3 = 0, R5 = 1k, C4 = 15pF 


AO to A7 = 0.4V, T/R = 2.4V (Figure 3) 
S3 = 1, R5 = 100M, C4 = 300pF 














io] 


—_ ad 
Oo} ra) 
—_t 


_ 


AO to A7 = 2.4V, T/R = 2.4V (Figure 3) 
S3 = 0, R5 = 1k, C4 = 300pF 





N 
Nh 


w fo _ 
on nN uo fee] ree) foe) 


> 





CD = 0.4V (Figure 2) 

S1 = 0, R4 = 1000, C3 = 5pF 
S2 = 1, R3 = 1k, C2 = 30pF 
CD = 0.4V (Figure 2) 

S1 = 1, R4 = 1000, C3 =5pF 
S2 = 0, R3 = 5k, C2 = 30pF 
CD = 0.4V (Figure 2) 

Si = 1, R4 = 1000, C3 = 300pF 
S2 = 0, R3 = 3000, C2 = 5pF 
CD = 0.4V (Figure 2) 
S1 = 0, R4 = 1k, C3 = 300pF 
$2 = 1, R3 = 3000, C2 = 5SpF 





ESS 
=) 


oO 


30 








nh 
SS 
Oo 


fee} —_ 





Notes: 1. All typical values given are for VCC = 5.0V and Ta = 25°C. 


2. Only one output at a time should be shorted. 


DEFINITION OF FUNCTIONAL TERMS 


AO-A7 A port inputs/outputs are receiver output drivers when 


CD Chip Disable forces all output drivers into 3-state when 


HIGH (same function as active LOW chip select, CS). 


T/R is LOW and are transmit inputs when T/Ris HIGH. = _T/R 


BO-B7 B port inputs/outputs are transmit output drivers when — 
T/R is HIGH and receiver inputs when T/R is LOW. 


Transmit/Receive direction control determines whether A 
port or B port drivers are in 3-state. With T/R HIGH A port 
is the input and B port is the output. With T/R LOW A port 
is the output and B port is the input. 
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SWITCHING TIME WAVEFORMS 
AND AC TEST CIRCUITS 


AmZ8103 3.0V 






















INPUT 
A, ORB, 
28104 OV 
i: PULSE ORoce 
U R 
GENERATOR TEST 
OUTPUT 
B, ORA, 1.5V 1.5V 
t, = ts < 10ns 
10% to 90% Note: C, includes test fixture capacitance. 
BLI-171 BLI-172 
Figure 1. Propagation Delay from A Port to B Port 
or from B Port to A Port. 
3.0V 
my APORT © O B PORT 
Vcc an DEVICE O Vcc 
UNDER 
S2= TEST 
1.5V 1.5V 
‘RTL ‘TRL 
BPORT A PORT $1 =0 
RTH ‘TRH “= 
7 = 
GENERATOR 
tr = ts < 10ns 
10% to 90% Note: Cy and C3 include test fixture capacitance. 
BLI-173 , BLI-174 
Figure 2. Propagation Delay from T/R to A Port or B Port. 
3.0V 
4 
INPUT 
cD 
OV PORT PORT 










| INPUT 


t 
aa BV if | . 
1.5V 
PORT . PULSE 
OUTPUT GENERATOR 


DEVICE 
UNDER 
TEST 





cD 


$3=0 
is oe —| Z : i 
tp = ts < 10ns Note: Cy, includes test fixture capacitance. 
10% to 90% Port input is in a fixed logical condition. 
BLI-175 BLI-176 


Figure 3. Propagation Delay from CD to A Port or B Port. 
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2 
3 
4 
5 
6 
7 
8 
9 


AmZ8103 — 


DIE SIZE .069” X .089” 


Metallization and Pad Layouts 


wo o on 2) a & WwW N 


ORDERING INFORMATION 


AmZ8104 


AmZ8103 AmZ8104 Package Operating © Screening 
Order Number OrderNumber Type (Note 1) Range (Note 2) Level (Note 3) 
AMZ8103DC AMZ8104DC D-20 C C-1 
AMZ8103DCB #AMZ8104DCB D-20 C B-1 
AMZ8103DM AMZ8104DM D-20 M C-3 
AMZ8103DMB  AMZ8104DMB D-20 M B-3 
AMZ8103PC AMZ8104PC P-20 C C-1 
AMZ8103PCB AMZ8104PCB P-20 C C-1 


AmZ8103 « AmZ8104 


DIE SIZE .069” X .089” 





Order the part number according to the table below to obtain the desired package, temperature range and screening level. 





Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flatpak. Number following letter is number of leads. 
2. C = Oto 70°C, VCC = 4.75V to 5.25V, M = —55 to +125°C, VCC = 4.50V to 5.50V. 
3.. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 
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AmZ8107 * AmZ8108 


Octal Three-State Bidirectional Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 


8-bit bidirectional data flow reduces system package count 


3-state inputs/outputs for interfacing with bus-oriented 
systems 
PNP inputs reduce input loading 


48mA, 300pF bus drive capability 

AmZ8107 has inverting tranceivers 

Am2Z8108 has non-inverting transceivers 
Separate TRANSMIT and RECEIVE Enables 
20 pin ceramic and molded DIP package 
Low power — 8mA per bidirectional bit 
Advanced Schottky processing 


100% product assurance screening to MIL-STD-883 
requirements 









VCC — 1.15V VOH interfaces with TTL, MOS, and CMOS 


Bus port stays in hi-impedance state during power up/down 





AmZ8108 
Loic DIAGRAM 
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GENERAL DESCRIPTION 


The AmZ8107 and AmZ8108 are 8-bit, 3-state Schottky trans- 
ceivers. They provide bidirectional drive for bus-oriented micro- 
processor and digital communications systems. Straight through 
bidirectional transceivers are featured, with 24mA drive capabil- 
ity on the A ports and 48mA bus drive capability on the B ports. 
PNP inputs are incorporated to reduce input loading. 


Separate TRANSMIT and RECEIVE Enables are provided for 
microprocessor system with separated read and write control 
bus lines. 


The output high voltage (VOH) is specified at VCC — 1.15V 
minimum to allow interfacing with MOS, CMOS, TTL, ROM, 
RAM, or microprocessors. 
























A7 
\/ 
TRANSAT) So 
(RECEIVE) 0 
ZY 
‘\ 
By 
AmZ8107 has inverting transceivers ‘BLI-M77 
NNECTION DIAGRAM LOGIC SYMBOL 
Top View 
A PORT 
1 2 3 4 5 6 7 8 
17 16 «15 Ag Ai Az Az Ag AS Ag Az 
9 T 
AmzZ8107/ 
AmZ8107/ es 
AmzZ8108 11 R AmZ8108 
Bo By Bo Bz Bg Bs Be B7 
9 
_| 
Tt 19 18 17 1 15 114 13 ~=«12 
ee 
8 PORT 
Note: Pin 1 is marked for orientation. VCC = Pin 20 
AmZ8107 is inverting from Ai to Bi BLI-178 GND = Pin 10 BLI-179 


AmZ8120 


Octal D-Type Flip-Flop with Clear, Clock Enable and 3-State Control 


DISTINCTIVE CHARACTERISTICS a FUNCTIONAL DESCRIPTION 


® Buffered common clock enable input The AmZ8120 is an 8-bit register built using advanced Low- 
@ Buffered common asynchronous clear input Power Schottky technology. The register consists of eight 
@® Three-state outputs D-type flip-flops with a buffered common clock, a buffered 
® 8-bit, high-speed parallel register with positive edge-triggered, common clock enable, a buffered asynchronous clear input, 
D-type flip-flops and three-state outputs. 
100% product assurance screening to MIL-STD-883 When the clear input is LOW, the internal flip-flops of the 
requirements register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates in 
the normal fashion. 


When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as norma! TTL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 


The clock enable input (E) is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is entered 
into the register on the LOW-to-HIGH transition of the clock 
input. 





This device is packaged in a slim 24-pin package (0.3 inch 
row spacing). 





BLI-180 ‘LOGIC DIAGRAM 


Do D, Do . D3 D, Ds Dg D7 








CLOCK 
ENABLE 
cP 
CLOCK Y 
CLEAR © e O © 
ny ie \/ \/ 
: Cn fe 
OUTPUT 
ENABLE 
Yo bs Yo Y3 Yq Y5 Y6 Y? 
arias CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 
Voc E CE Y7 Dy, Dg Ye Ys Ds Dy Yu * 
19 18 17 D, Do 03 D4 Ds Dg 
AmZ8120 
OCTAL REGISTER 
Yi Yo Y3 Ya Ys Yo 
Vcc = Pin 24 
Note: Pin 1 is marked for orientation. “Reserved — do not use. GND = Pin 12 BLI-182 
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AmZ8120 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Tag =O°Cto+70°C Vcc = 5.0V +5% MIN. =4.75V MAX. = 5.25V 

MIL Ta =—-55°C to+125°C Voc =5.0V 110% MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 












Vcc = MIN. MIL, IoH = —1.0mA 
VOH Output HIGH Voltage = 
VIN = ViH oF Vi“ COM'L, Igy = —2.6mA 


Vcc = MIN. lo, =4.0mA 
Vin = Vin or VIL 
Vv Input LOW Level Guaranteed input logical LOW 
IL PRY voltage for all inputs COM'L 
Input Clamp Voltage Vec = MIN., ix_y = —18MA 
Input LOW Current Vec = MAX., Vin = 0.4V 
Sim Input HIGH Current Vcc = MAX.,, Vin = 2.7V 
ra Input HIGH Current Vcc = MAX., Vin = 7.0V 













Output LOW Voltage 
Io, = 8.0mMA 


Guaranteed input logical HIGH 


Input HIGH Level : 
voltage for all inputs 


E tah: V0 = 0.4V 
Off-State (High-Impedance) Vcc = MAX. oO 
Output Current Vo =2.4V 


Vcc = MAX. 


Vcc = MAX. 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open, E = GND, Di inputs = CLR =-OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous : —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State ~—0.5V to +Vec max: 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs : 30mA 


DC Input Current | —30mA to +5.0mA 
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AmZ8120 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Typ. Max. Units Test Conditions 


t 
PLH Clock to Y; (OE LOW) 


ee CT 


Enable (E) 
Inactive Ci = 15pF 


Ry = 2.0k2 
Enable (E) : 


LOW 





Note 1. Per industry convention, fra x is the worst case value of the maximum device operating frequency with no constraints on t,, tz, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

















Ta = —55 C to +125 C 
Vcc = 5.0V + 10% 


Ta =0 Cto+70°C 
Vcc = 5.0V + 5% 


Parameters Description Units Test Conditions 


Min. Max. Min. Max. 
arseua glee LOW acne eee glo ee 
ock to 
Tt —-4-+-- ++" $+ 
Pe 
a IT pee ponte 
See NT 













*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


4-71 





AmZ8120 


DEFINITION OF FUNCTIONAL TERMS 


The D flip-flop data inputs. 


When the clear input is LOW, the Q; outputs are 
LOW, regardless of the other inputs. When the 
clear input is HIGH, data can be entered into the 
register. 


Clock Pulse for the Register; enters data into the 
register on the LOW-to-HIGH transition. 


The register three-state outputs. 


Clock Enable, When the clock enable is LOW, 
data on the Dj input is transferred to the Qj; 
output on the LOW-to-HIGH clock transition. 
When the clock enable is HIGH, the Q; outputs 
do not change state, regardless of the data or clock 


input transitions. 


Output Control. When the OE input is HIGH, 
the Y; outputs are in the high impedance state. 


When the OE input is LOW, the TRUE register 
data Is present at the Y; outputs. 


FUNCTION TABLE 


inputs Tnternal [Outputs 
aie [OETRRT ETO] @ PY 


i ae 


_ RIED TS 


xX 


NC = No Change 
t = LOW-to-HIGH Transition 
X = Don’t Care Z = High Impedance 





LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT 


DRIVEN INPUT 





Note: Actual current flow direction shown. BLI-183 
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AmZ8i21 


Eight-Bit Equal-To Comparator 






DISTINCTIVE CHARACTERISTICS 


8-bit byte oriented equal-to comparator 
Cascadable using Ejy 
High-speed, Low-Power Schottky technology 
tod A@B to EquT in 9ns 
















Standard 20-pin package 
100% product assurance screening to MIL-STD-883 
requirements 












CONNECTION DIAGRAM 





Vcc Egut B7 Az Be Ag 85 A5 Ba AQ 





Note: Pin 1 is marked for orientation 
BLI-185 
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LOGIC DIAGRAM 


FUNCTIONAL DESCRIPTION 


The AmZ8121 is an 8-bit ‘‘“equal to’ comparator capable to 
comparing two 8-bit words for ‘‘equal to” with provision 
for expansion or external enabling. The matching of the two 
8-bit inputs plus a logic LOW on the Eq produces an active 
LOW on the output EouT. 


The logic expression for the device can be expressed as: 
Eout = (Ag © Bg) (Aq © By) (A2 ©B2) (A3 @ B3) (Aq © Bg) 
(A5 © Bs) (A7 © B7) EIN. It is obvious that the expression is 
valid where Ag — A7 and Bo — B7 are expressed ds either 
assertions or negations. This is also true for pair of terms i.e. 
Ao can be compared with Bg at the same time A is compared 
with By. It is only essential that the polarity of the paired 
terms be maintained. 





LOGIC SYMBOL 

















18 17 1615 14 13 12 «11 968 





B7 A7 8g Ag 85 Ag Bg Ag 83 AZ Bz A2 By Aq Bo Ao 





AmZ8121 8-BIT COMPARATOR 


EouT 






19 







Vcc = Pin 20 
GND = Pin 10 































AmZ8121 


AmZ8121 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°Ct0+70°C Voc = 5.0V +5% MIN. =4.75V MAX. =5.25V 

MIL Ta =—55°C to+125°C = Vee = 5.0V 410% MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
















cs 


0.7 
Volts 


olts 
mA 
















| =4,0mMA 
Veo = MIN. 
loL = 8.0mMA 


Output LOW Voltage — VIN = ViH or ViL 







Vor a 
Vin Input HIGH Level Guaranteed input logical! HIGH 
voltage for all inputs 
: ; MIL 
Input LOW Love eer -—— 
COM'L 
Input Clamp Voltage ‘Voc = MIN., It_y = —18MA i 
ae 
a 


—0.36 
—0.72° 


Aj, Bi 
Input LOW Current Vcc = MAX., Vin =0.4V = 
ae si 2 ee 
Input HIGH Current Vcc 3 MAX., VIN =2.7V te 
A;, B 
Input HIGH Current Vec = MAX., Vin = 7.0V od 
Output Short Circuit Current Vcc = MAX. ai 
(Note 3) 
Power Supply Current = MAX 
(Note 4) Vec 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. E = GND, all other inputs and outputs open. 


= 
> 


0.2 


Voc = MIN. MIL 2.5 
Output HIGH Voltage saad lon = —440uA ML | 25 | 
Vin = Vi oF VIL COM'L 

2.0 

15 


3 
> 


3 
> 





Ed 
re 
eS 
i 
omens 
bie! 
iit 
— 
[ee 
ses 
a 
_ 


> 





AmZ8121 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0\ 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max 
DC Input Voltage —0,5V to +7.0\ 
DC Output Current, Into Outputs | | 30m/ 


DC Input Current —30mA to +5.0mé 
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AmZ8121 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Veo = 5.0V) 


Parameters Description — FE Units Test Conditions 


ea 
A; or B; to Equal 
| tpH | 





ee a es eS 
eee E to Equal t 
Ct ee ee See 











SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


an Description 






Ta = 0°C to +70°C 
Vcc = 5.0V +5% 







Ta = —55°C to +125°C 
Vcc = 5.0V +10% 





Units Test Conditions 
















trun | ArorBjto eT fe 
Equal Output a 
t E to Eau as ee a ae ee 
hoa E to Equal Output 
[tea | aie Era a a Ss 





*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 











LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 






DEFINITION OF FUNCTIONAL TERMS 






Ag—Az7 A input to comparator 
Bo-B7 B input to comparator 
Ein Enable active LOW 









Eout EQUAL output active LOW 









METALLIZATION AND PAD LAYOUT 





DRIVING OUTPUT DRIVEN INPUT 





20 Yecc 
En 4 19 Fout 
Ag 2 18 87 
nn Gn eee) 
By 3 17 AT 
A 
1 4 = Ser 16 Bg 
By og oa ls a * 1s A6 
Ag 6 14 Bs 
Bp 7 13° As 
Az 8 12 84 
B39 1 (AG 
10 GND 






Note: Actual current flow direction shown. 





DIE SIZE 0.063” x 0.074" 


BLI-187 
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AmZ8121 


APPLICATIONS 


MICROPROCESSOR ENABLE CONTROLLED, 
SELECTABLE, ADDRESS DECODER 


MAX. ENABLE (HIGH-to-LOW) DELAY 
OVER 16-BITS 
(Commercial Range) 


ADDRESS SELECT 
ENABLE TERM 


MICROPROCESSOR ADDRESS BUS 


WRITE ENABLE, 
READ ENABLE 
OR BOTH 


BLI-188 


STATUS LINE DECODING 


VO REFERENCE 
ENABLE 


AmZ8002 


AmZ8121 


BL!-189 
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AmZ8127 


AmZ8000 Clock Generator and Controller 


DISTINCTIVE CHARACTERISTICS 


High-drive high-level clock output 
Special output provides clock signal matched to 
requirements of AmZ8000 CPU, MMU and DMA 


devices. 


Four TTL-level clocks 
Generates synchronized TTL compatible clocks 
at 16MHz, 2MHz and 1MHz to drive memory 
circuits and LSI peripheral devices. An 
additional TTL clock is synchronized with the 
high-level clock for registers, latches and other 
peripherals. 


Advanced Information 


Synchronized WAIT state and time-out 


controls 


On-chip logic generates WAIT signal under 
control of Halt, Single-step and Ready signals. 
Automatic time-out of peripheral wait requests. 


RESET IN 


CLR 


RUN/HALT 
SSNC 


SSNO 


READY 

CPU STATUS 
TIME OUT 
ENABLE 


XTAL 
osc 


RUN/HALT 


AND 
SINGLE STEP 
CONTROL 





FUNCTIONAL DESCRIPTION 


The AmZ8127 Clock Generator and Controller provides the 
clock oscillator, frequency dividers and clock drivers for the 
complete array of AmZ8000 CPUs, peripherals and memory 
system configurations. In addition to the special 4MHz output 
driver for the AmZ8001 and AmZ8002 CPUs, a standard buf- 
fered TTL 16MHz oscillator output is provided for dynamic 
memory timing and control. The AmZ8127 forms an integral part 
of the dynamic memory support chip set including the AmZ8163 
EDC and Refresh Controller, AmZ8164 Dynamic Memory Con- 
troller, AmZ8160 Error Detection and Correction Unit and 
AmZ8161/AmZ8162 EDC Bus Buffers. The oscillator is designed 
to operate with a 16MHz crystal or with external 16MHz drive. 
The AmZ8127 uses an internal divide-by-4 to provide 4MHz 
clock drive to the AmZ8001/AmZ8002 CPU. Additional dividers 
generate synchronous buffered 2MHz and 1MHz clock outputs 
for use by peripheral devices. The clock divider counters are 
clearable to allow synchronizing the multiple clock outputs. 


The controller functions include RESET, RUN/HALT, SINGLE- 
STEP, READY and a READY TIMEOUT counter which limits a 
peripheral’s wait request to 16 clock cycles. The CPU’s WAIT 
input is controlled by RUN/HALT, SINGLE-STEP and READY. A 
HALT command to the AmZ8127 drives the WAIT output LOW 
causing the CPU to add wait states (TW to TW). The READY 
input is used by peripherals to request wait states. The active 
HIGH input TIMEOUT ENABLE is used to force TIMEOUT and 
WAIT to HIGH 16 clock cycles after a peripheral has requested a 
wait but fails to release the request. The CPU status lines ST1, 
ST2 and ST3 are decoded in the AmZ8127 to disable the TIME- 
OUT counter during CPU “Internal Operations” and during 
refresh. 


BLOCK DIAGRAM 
CLOCK GENERATOR 


RESET 
SYNC 


28000 
BUFFER 


+30R4 > 


CYCLE 


lope 


CLOCK 
DIVIDER 


WAIT 
WAIT Eee 
CONTROL TIMEOUT 
BLI-168 
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AmZ8133 « AmZ8173 


Octal Latches with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


e 18ns max datainto dataout The AmZ8133 and AmZ8173 are octal latches with three-state 

e@ Non-inverting AmZ8173, inverting AmZ8133 outputs for bus organized system applications. The latches ap- 

@ Three-state outputs interface directly with bus organized pear to be transparent to the data (data changes asynchronously) 
systems when latch enable, G, is HIGH. When G is LOW, the data that 

e Hysteresis on latch enable input for improved noise margin meets the set-up times is latched. Data appears on the bus when 

@ 100% product assurance screening to MIL-STD-883 the output enable, OE, is LOW. When OE is HIGH the bus output 
requirements is in the high-impedance state. 


The AmZ8173 has non-inverted data inputs while the AmZ8133 
is inverting. 


LOGIC DIAGRAM 
AmZ8173 


ETE ca 
aGaiudadadadatad 


Inputs Dp through D; are inverted on the AmZ8133. BLI-041 





CONNECTION DIAGRAMS LOGIC SYMBOL 
Top Views : 


Ds 


Amz8173 
D> Dz Dy 
AmZ8173 


Y2 Y3 4 


BLI-043 


AmZ8133 


4 
a 
Dy, 


i 


7 68 
Es -fel 
By 03 


Note: Pin 1 is marked for orientation. BLI-042 inputs Dg through D7 are inverted on the AmZ8133. 
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AmZ8133 ° AmZ8173 


- AmMZ8133 ¢ AmZ8173 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L T, =0°C to +70°C Vec = 5.0V +5% MIN. = 4.75V MAX. = 5.25V 

MIL Ta =—-55°Cto+125°C Vec=5.0V410% MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN. 1 =—1.0mA MIL | 24 | | 34 || 
VOH Output HIGH Voltage va Vv Vv OH pi Volts 
Volts 












Vec = MIN. 






VOL Output LOW Voltage Vin = Vin or Vib 
loL = 24mA 
Vin Input HIGH Level Guaranteed input logical HIGH 20 Volts 


voltage for all inputs 


input LOW Level Guaranteed input logical LOW } MIL | Volts 


Vec = MIN., ling = —18MA 


Vit 


Input Clamp Voltage 


Mie Input LOW Current 










Vcc = MAX.,, Vin =0.4V 


NH Input HIGH Current Voc = MAX., Vin = 2.7V 


input HIGH Current Vcc = MAX., Vin = 7.0V 


loz Off-State (High-Impedance) Vcc = MAX. Vo = 0.4V 
Output Current Vo =2.4V 

Isc Output Short Circuit Current Vec = MAX. 30 
(Note 3) 
Power Supply Current 

1 Vcc = MAX. 

cc (Note 4) 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vec = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Inputs grounded; outputs open. 





MAXIMUM RATINGS (Above which the useful life may be impaired) 





Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 
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AmZ8133 « AmZ8173 


Am2Z8133 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Veg = 5.0V) 


Parameters Description Min | Typ Max Units Test Conditions 


een Enable to Output 
t 
Data Input to Output 


HIGH Data to Enable 
LOW Data to Enable 
HIGH Data to Enable 


LOW Data to Enable 
Enable Pulse Width 





Am2Z8133 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 
























Ta =0 Cto +70°C 
Vcc = 5.0V +5% 


Ta =—-55°C to +125 C 
Vec = 5.0V +10% 


Parameters Description Units Test Conditions 


Enable to Output 


Data Input to Output 


HIGH Data te Enable 
LOW Data to Enable 
HIGH Data to Enable 
LOW Data to Enable 
Enable Pulse Width 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


PNP ee, 
DRIVEN INPUTS G, OE 


DRIVING OUTPUT DRIVEN INPUTS D; 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





: . | 
Note: Actual current flow direction shown. BLI-044 
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AmZ8133 « AmZ8173 


Am2Z8173 


SWITCHING CHARACTERISTICS 
(Ty = 25°C, Vcc = 5.0V) 


Uv 
sh) 
= 
is) 
3 
© 
- 
oO 
= 
w 


Description Min Typ Max Units Test Conditions 


t 

en Enable to Output 
tPHL 

t 

en Data Input to Output 
PHL 


t.(H) HIGH Data to Enable 


(L) LOW Data to Enable 


th(H) HIGH Data to Enable 
ty(L) LOW Data to Enable 


tow Enable Pulse Width 
t — 

2 OE to Y; 

(ZL 





t + 
He OE to Y; 
tLz 


AmZ8173 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 

















Ta = —55°C.to +125 C 
Vcc = 5.0V +10% 


Ta =0°C to +70°C 
Vcc = 5.0V +5% 


Parameters Description Units Test Conditions 


tPLH 
Enable to Output 


el rs 
Data Input to Output 
PHL — Se 















| ts(H) | HIGH Data to Enable 








Cy = 45pF 
Ry = 6672 





“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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AmZ8133 * AmZ8173 


Metallization and Pad Layouts 


Am2Z8173 


| ; 
er on <- M9 eich ited | mS one crt aes 


| Bu ee 3 rm nh aa 1 
eer Lo 


DIE SIZE 0.073" X 0.089" 


FUNCTION TABLES DEFINITION OF FUNCTIONAL TERMS 


AmZ8173 AmZ8173 


; The latch data inputs. 
Function ' P 


The latch enable input. The latches are transparent when G 
is HIGH. Input data is latched on the HIGH-to-LOW transi- 


a tion. 


The three-state latch outputs. 


The output enable control. When OE is LOW, the outputs 
Y; are enabled. When OE is HIGH, the outputs Yj; are-in 
the high-impedance (off) state. 


AmZ8133 
The latch inverting data inputs. 


The latch enable input. The latches are transparent when G 
i fahsosiant is HIGH. Input data is latched on the HIGH-to-LOW transi- 


— be 
ie oes ==) | Latched | ; The three-state latch outputs. 


ses Rarenenas The output enable control. When OE is LOW, the inverted 
L= LOW Z = High Impedance outputs Y; are enabled. When OE is HIGH, the outputs Y; 
X = Don’t Care are in the high-impedance (off) state. 
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AmZ8136 


Eight-Bit Decoder With Control Storage 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


8-bit decoder/demultiplexer with control storage The AmZ8136 is an eight-bit decoder with control storage. It 
3-state outputs provides a conventional 8-bit decoder function with two enable 
Common clock enable inputs which may also be used for data input. This can be used to 
Common clear implement a demultiplexer function. In addition, the “exclu- 
Polarity control sive-OR” gates provide polarity control of the selected output. 
Advanced Low Power Schottky Process The 3-state outputs are enabled by an active LOW input on the 


100% nroduct assurance screening to MIL-STD-883 output enable, OE. 


requirements The three control bits representing the output selection and the 
single bit polarity control are stored in ‘‘D” type flip-flops. These 
flip-flops have Clear, Clock, and Clock Enable functions provided. 
The G, and Go inputs provide either polarity for input control or 
data. 





LOGIC DIAGRAM 
8-Bit Decoder/Demultiplexer with Control Storage 





POL 





CLOCK 

CLOCK ag 

ENABLE CLEAR 7 Y Y Y4 Y3 Y2 Y Yo 
as | EAR __PSo 6 5 1 


BLI-190 


CONNECTION DIAGRAM 


Veo Gi G2 Y7 Ye Y5 Ya Y3 Y2 Yq 
a Baie 






Ti» 2°38 
PS Ld 


CP CLR CE 


4 5 6 
Bees 
A. ia. -'¢ 


E Yo GND 


x 
o 
é 
o 


Note: Pin 1 is marked for orientation. BLI-191 
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AmZ8136 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Tp =0'Cto+70°C Vcc = 5.0V #5% MIN.=4.75V MAX. =5.25V 

MIL Ta =-55°Cto+125°C Veco =5.0V+10% MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 











IOH = -2.6mA, COM’L 
IOH = —1.0mA, MIL 
lol = 24mA, COM'L 


lo. = 12mA, MIL 
Vig Input HIGH Level | Guaranteed input logicat HIGH 
voltage for all inputs 
Guaranteed input logical LOW 
Vit Input LOW Level voltage for all inputs COM'L 
Input Clamp Voitege Vcc = MIN., lyn = —18MA 
Input LOW Current Voc = MAX.,, Ving = 0.4 V 
Se Input HIGH Current Vec = MAX., Vin = 2.7V 


Vv O HIGH Vol yee 
utput oltage 
OH : Vin = Vin or Vie 


Voc = MIN. 
Vin = Vin oF Vit 






















Output LOW Voltage 









Input HIGH Current Vcc = MAX., Vin = 7.0V 
Off-State (High-l mpedance) Voc = MAX Vo = 0.4V 

Output Current V9 =2.4V 

Output Short Circuit Current Vcc = MAX 

(Note 3) 

Power Supply Current be 

(Note 4) NGG nn 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test Conditions: A = B = C = Gy = Go = OE = CE = GND; CLK = CLR = POL = 4.5V. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 























Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage , —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current . . —30mA to +5.0mA 





AmZ8136 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Voc = 5.0V) 
Parameters Description Min. Typ. Max. Units Test Conditions 


CP to Yn — Y 
aR 

LR to Y, -— Y 
ae 


OE to Yyp - Y 
aE 
OE to Yp — Y 
[Meo gl Set-up Time, Clear Recovery to CP 
| 
Pulse Width 
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SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 





COM’L 

Ta = 0°C to +70°C Ta = —55°C to +125°C 
Voc = 5.0V +5% Voc = 5.0V +10% 

Min. Max. Min. Max. Units Test Conditions 






Parameters Description 


t — 
ae 
t 
ere 
t 
coms, 
t ee 
soa TLR to Yo - Y7 
tPHL 
CE to CP 
A, B, C, POL to CP 


t coats 
Tee 
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ae) 
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CL = 5.0pF 
R, = 6670 


ae) 
N 
w 
> 





nm 
on 
N 
| 


OE to Yo — Y7 


Set-up Time, Clear Recovery to CP 
| 
Pulse Width 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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AmZ8136 















FUNCTION TABLE 





Internal 
Registers Three-State Outputs 


| 
I 
| 













Xx XX X xX L H UL X L LoL L L H H H H H 4H H 
[Hos [xxx xX AW NC tt [ NG_NCNC No | NENG NC NNC NC NC NC 
tL LL oH L H H tL ft L LoL H H LE L LE b&b LE Lie 
L LH H L H H L tf L L HH L H Lub be LoL 
LHL H L H H L ft L H Lt H B.A. His be Ue. Se 4. 
L HH H L H H tL Tt L H H oH be OR ee ES. SE 
HLL H L H H L ft H E cE H kL bLoouwbkLH LLL 
HLH H LH H Lt H tL HH in is 7 i ah i ES 
HHL H L H H L tft H H Lt H: L LbweoeetLuL HEL 
H HH H L oH H L t H H H H L tb Lt bbe tL H 
bE £ L H H L t L LoL L t H H H H H HH 
L LH L L H 4H Lf L t H L H t HH H H H H H 
LHL L a H H L tft < H oL L H H L H H H H H 
-tLHH LCL L H H L t L HHL H H H t H H H H 
HLL L-L L H H L f H EE. 26 L H H H H tL H H.H 
HLH L L H H L ft H L oH L H H H H H Lt H HR 
HHL L L H H t ft H H Lt L H H H H H H L H 
HHH L L H H tL ft H H H L H H H H H H HL 
XXX H L H LL et t x x xX H LHe (9G. A 
XXX L L H t L t x x xX L H H H H H H H H 








Output 


. xX X X X Xx Xx X H xX NC NC NC NC Zz Zz Zz zZ Zz Zz Z Z 
Disable 


NC = No Change X = Don’t Care Z = High-Impedance t = Low-to-High Transition 































DEFINITION OF TERMS METALLIZATION AND PAD LAYOUT 





CLEAR — When the CLEAR input is LOW, the control 
register outputs (Q,, Qg, Qc, Oppo.) are set LOW 
regardless of any other inputs. 


CP CLOCK — Enters data into the control register on the 
LOW-to-HIGH transition. 


CLOCK ENABLE -— Allows data to enter the control 


ccR 1 20 Vec 


cp 2 19 G, 


rm 
m 
w 








tl he oe Vy 18 Go 
, CE i CE pape yc . 
register when CE is LOW. When CE is HIGH, the Q; A 4 eee ae “s 
outputs do not change state, regardless of data or : eit mi) nal 17 Yy 
clock input transitions. ‘ eee 16 Ye 
| ‘es ses 
A,B,C Inputs to the control register which are entered on c 6 + aaa ye 
the LOW-to-HIGH clock transition if CE is LOW. eae i 1B Ys 
, & Sere! 2 
POL Input to the cantrol register bit used for determin- pol 7 San - ee 
ing the polarity of the selected output. 7 meek | ie a 
G, Active LOW part of the expression G = G,G2 [or G = oF 8 
(G1) Go] where G is either data input for the selected 
Y, or is used as an input enable. 
Go Active HIGH part of the expression G = G,Go. moe ae 
GND 10 113 


Yn The three-state outputs. When active (OE = LOW), 
one of eight outputs is selected by the code stored in 
the control register, with the polarity of all eight 
determined by the bit stored in the POL flip-flop of 
the control register. The selected output can further 
be controlled by G according to the expression 
YseLectep = G ® Qpo.. 


OE OUTPUT ENABLE. When OE is HIGH the Y,, outputs 
are in the high impedance state; when OE is LOW 
the Y,,’s are in their active state as determined by the 
other control logic. The OE input affects the Y,, out- 
put buffers only and has no effect on the control 

register or any other logic. 


DIE SIZE 0.084” X 0.099" 
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Am2Z8140 « AmZ8144 


Octal Three-State Buffers 


FUNCTIONAL DESCRIPTION 


The AmZ8140 and AmZ8144 are octal buffers fabricated using 
advanced low-power Schottky technology. The 20-pin package 
provides improved printed circuit board density for use in memory 
address and clock driver applications. 


DISTINCTIVE CHARACTERISTICS 


Three-state outputs drive bus lines directly 
Hysteresis at inputs inproves noise margin 
PNP inputs reduce DC loading on bus lines 


Data-to-output propagation delay times — 16ns ms | 
Enable-to-output — 20ns MAX Three-state outputs are provided to drive bus lines directly. The 


48mA output current AmZ8140 and AmZ8144 are specified at 48mA and 24mA output 


nahin oH fen mA ane 


20-pin hermetic and molded DIP packages Sink current. rour buiiers af6 GNavnicG 17OM ONS COMMON und ana 
100% product assurance testing to MIL-STD-883 the other four from a second enable line. The AmZ8140 and 


requirements AmZ8144 enables are of similar polarity for use as a unidirectional 
buffer in which both halves are enabled simultaneously. 


Improved noise rejection and high fan-out are provided by input 
hysteresis and low current PNP inputs. 





LOGIC DIAGRAMS 





AmZ8140 AmZ8144 


DO Yo D4 Y¥4 DO Yo D4 Y4 

















Dt ¥1 = D5 ¥5 D1 Yt D5 Y5 
D2 Y2 06 Y6 H |X Z D2 ‘Y2 D6 Y6 
L iH L 
D3 Y3 07 Y7 L L H D3 Y3 D7 Y7 
OE03 OE47 E03 OE47 
BLI-193 Note: All devices have input hysteresis. BLI-194 


CONNECTION DIAGRAMS | LOGIC SYMBOLS 


Top Views ge sae 


OE03 20 |_] vec E03 [_]1 20] vec D3 DA 
Do|_} 2 19 |] O&47 po[ }2 19 |] O&4a7 anes - 
yw{_] 3 18 [_] Yo v7[-]3 18 [7] Yo BLI-197 13s. NS 
pif | 4 17[_]pD7 pif |4 17[_] 07 
Ye] | 6{ ]|¥Y1 ye[ | 16{ | Y1 

AmZ8140 AmZ8144 


D3 D4 


AmZ8144 





Y3 Y4 


VCC = Pin 20 
GND = Pin 10 


BLI-195 Note: Pin 1 is marked for orientation. BLI!-196 





4-87 


AmZ8140 « AmZ8144 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0 to 70°C VCC = 5.0V +5% (MIN = 4.75V MAX = 5.25V) 
MIL Ta = —55 to +125°C VCC = 5.0V +10% (MIN = 4.50V MAX = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 
Parameters Description Test Conditions (Note 1) Min (Note 2) 


VCC = MIN, VIH = 2.0V 
IOH = —3.0mA, VIL = VIL MAX 


VCC = MIN, MIL, IOH = —12mA 
VIL = 0.5V COM'L, IOH = -15mA 


All IOL = 12mA 
Low-Level Output Voltage VCC = MIN All IOL = 24mA 
COM, IOL = 48mA 


VIH High-Level Input Voltage Guaranteed input logical HIGH 
voltage for all inputs 
COM'L 
Low-Level 
ow-Level Input Voltage MIL 


Input Clamp Voltage VCC = MIN, Il = —18mA 
Hysteresis (VT+ — VT-—) VCC = MIN 


Off-State Output Current, 


High-Level Voltage Applied VCC = MAX 
VIH = 2.0V 
Off-State Output Current, VIL = VIL MAX 


Low-Level Voltage Applied 


Input Current at Maximum VCC = MAX, VI = 7.0V 
Input Voltage 

High-Level Input Current, Any Input VCC = MAX, VIH = 2.7V 
Low-Level Input Current VCC = MAX, VIL = 0.4V 


Short Circuit Output Current (Note 3) VCC = MAX 


All Outputs HIGH 
AmZ8140 All Outputs LOW 
Supply Current Outputs at Hi-Z 
VCC = MAX 
Outputs Open All Outputs HIGH 
AmZ8144 All Qutputs LOW 
Outputs at Hi-Z 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
2. All typical values are VCC = 5.0V, Ta = 25°C. . 


3.4 
High-Level Output Voltage 


0.25 
0.35 


a) 
i) 


| N 
< is 


oO 
N 


qi 
oO 


Nh 
NI 


—~ 1% 
W | © 


— 
Ww 





Max Units 


Volts 


as 
ie eed 
| 04 
| 05 | 
cc 
Heme 
p=15 


0.5 
0.7 
=A.5 


3. Not more than one output should be shorted at a time, and duration of the short-circuits should not exceed one second. 


MAXIMUM RATINGS above which the-useful life may be impaired 
Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current 

DC Input Current 
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~65°C to +150°C 
~55°C to +125°C 
~0.5V to +7.0V 
~0.5V to +Vcc max. 
-0.5V to +7.0V 
150mA 

-30mA to +5.0mA 


AmZ8140 *« AmZ8144 


AmZ8140 AmZ8144 Test Conditions 
Min Typ Max |} Min Typ Max | Units (Notes 1-5) 


Am2Z8140 - AmZ8144 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, VCC = 5.0V) 






Parameters Description 


tPLH Propagation Delay Time, 
Low-to-High-Level Output 















Propagation Delay Time, CL = 450F 
ne High-to-Low-Level Output nl RL = paar 







Output Enable Time to High Level 
Output Disable Time from Low Level 
Output Disable Time from High Level 









ea | oupst eae Tmeotwies | [a] | |[«|a[ wm 
i = 
ret = — 
a aK Tne 


CL = 5.0pF 
RL = 6679 





AmZ8140 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 












MIL 


Ta = —55 to +125°C 
VCC = 5.0V +10% 





COM’L 


Ta = 0 to 70°C 
VCC = 5.0V +5% 






Parameters Description Units Test Conditions 


tPLH Propagation Delay Time, 
Low-to-High-Level Output 


tPHL Propagation Delay Time, 
High-to-Low-Level Output 


Output Disable Time from High Level 











AmZ8144 | 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 





MIL 


Ta = —55 to +125°C 
VCC = 5.0V +10% 












COM’L 


Ta = 0 to 70°C 
VCC = 5.0V +5% 









Test Conditions 





Parameters Description Units 


tPLH Propagation Delay Time, 
Low-to-High-Leve! Output 


tPHL Propagation Delay Time, 
High-to-Low-Level Output 













CL = 45pF 
RL = 6672 





tPZH Output Enable Time to High Level 
Output Disable Time from Low Level 
tPHZ Output Disable Time from High Level! 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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AmZ8140 « AmZ8144 


APPLICATION 
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METALLIZATION AND PAD LAYOUTS 





AmZ8140 AmZ8144 
vcc vcc 
O0£03 1 OE47 OE03 «1 OE47 
po 2 Yo DO 2 Yo 
Y7 3 07 Y7 3 as 
DI 4 v1 Di 4 Y1 
yYé 5 D6 Yé 5 D6 
D2. 6 7, D2 6 
at Y2 Y2 
Y5 7 D5 Ys 7 D5 
D3 8 D3 8 
Y4 9 Y3 Y4 9 Y3 
GND 10 11 D4 GND 10 11 D4 
DIE SIZE 0.060” X 0.103” DIE SIZE 0.060” X 0.103” 


4-90 


AmZ8148 


Chip Select Address Decoder With Acknowledge 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 
@ One-of-Eight Decoder provides eight chip select outputs The AmZ8148 Address Decoder combines a three-line to eight- 
e Acknowledge output responds to enables and acknowledge line decoder with four qualifying enable inputs (two active 
input command HIGH and two active LOW) and the acknowledge output re- 
@ Open-collector Acknowledge output for wired-OR application quired for “ready” or “wait state” control of all popular MOS 
® Inverting and non-inverting enable inputs for upper address microprocessors. 
decoding 


The acknowledge output, ACK, is active LOW and responds to 
the combination of all enables and an acknowledge active, input 
command. 


® 100% product assurance screening to MIL-STD-883 
requirements 


The eight chip select outputs are individually active LOW in 
response to the combination of all enables active and the corres- 
ponding 3-bit input code at the S inputs. 


The AmZ8148 is intended for chip select decoding in small, 
medium or large systems where multiple chip selects must be 
generated and address space must be allocated conservatively. 





LOGIC DIAGRAM 


a (aCe (Ca 
sevect et ee ae) 


INPUTS $1 


a rt re ad 
ENABLE | E> ) do 
INPUTS 
E3 
@ 


: J U 
ACKNOWLEDGE { Ao => e ‘ . z 5 = a % = 


INPUTS | A, 


BLI-045 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 





Vec Y3 Y, Sz E, Eg €3 Ey Yo VY; 


16 15 


Am2Z8148 
AmZ8148 





Note: Pin 1 is marked for orientation. 
BL1-046 
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Am2Z8148 


ELECTRICAL CHARACTERISTICS 


The Following Conditions Apply Unless Otherwise Specified: 
COM'L Ta = 0°C to +70°C Vcc = 5.0V +5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Vec = 5.0V +10% (MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters Description Test Conditions (Note 1) — Min. (Note 2) Max. Units 


Voc = MIN. 
V Output HIGH Voltage wae lon = —440nA 
= lo, = 4.0mA 
= Saeneou mes Voo=MIN. = | t= 40mA | 
Vin = Vin or Vit lo, = 8.0mA _——ay 
Guaranteed input logical HIGH 
ic aera voltage for all inputs | 20 
Guaranteed input logical LOW Te 
Vit Input LOW Level voltage for all inputs COM'L ost 
4 










input Clamp Voltage Vec = MIN., lin = —18MA 


Input LOW Current Voc = MAX., Vin = 0.4V 
Input HIGH Current Vec = MAX.,, Vin = 2.7V 
Input HIGH Current Voc = MAX., Vin = 7.0V 


Output Short Circuit Current 


ote) Vec = MAX. ~15 


Wec=maxSS—~—~iSSCi 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. TEST CONDITIONS: So = Sj = Sp = Ey = Ep = GND: Ag = Ay = Eg = Eq = 4.5V. 





Power Supply Current (Note 4) 





MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to + 150°C 
Temperature (Ambient) Under Bias — 55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current Into Outputs 30mA 
DC Input Current ~30mA to +5.0mA 
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AmZ8148 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vec = 5.0V) 


Parameters Description 


t 

S; to Y; (Three Level Delay) 
t 

S; to Yj (Two Level Delay) 


Typ. Max. Units Test Conditions 


t 

ieee 

“er 
at Ey, Eo to ACK 

ora = 
Bou E3, E4 to ACK 


Min. 
ae 
ad 
Saree ie 
se 
camer (nied 

=— ae R= 2h 
mness (ea 
6 
a 
—— 
ae 
— 





SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 





Ta = 0°C to +70°C Ta = —55°C to +125°C 
Vcc = 5.0V +5% Voc = 5.0V +10% 


Parameters Description 


t 
S; to Y; (Three Level Delay 


fF tpHe 


Units Test Conditions 




























sr 


tPLH 
tPHL 


: 
ie E3, Ey to Y; 
tPHL 
tPLH 


: a 
A; to ACK 
ae ee oe 







S; to Yj (Two Level Delay) 







t eo —— 
EE to RK 
t as 
eee 
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AmZ8148 


DEFINITION OF FUNCTIONAL TERMS _ METALLIZATION AND PAD LAYOUT 
Sp; $1, Sz Three-line to eight-line chip select decoder inputs. 
E,,E, | The active LOW enable inputs. A HIGH on either the 





E, or E> input forces all decoded functions to be Y | 20 Voc 
disabled, and forces ACK HIGH. Yi 19 ¥; 
E3,E, | Theactive HIGH enable inputs. ALOW on either E3 or — a 
E, inputs forces all the decoded functions to be inhib- 
ited, and forces ACK HIGH. 
The acknowledge inputs, Ap and Aj, are active LOW 
inputs used as conditions for an active LOW output at Ay a 
the acknowledge, ACK, output. Ay 16 Ey 
The acknowledge output, ACK, is an active LOW So 18 ED 
output used to signal the microprocessor that specific S; ie, 
devices have been selected. ACK goes LOW only : 
when E, and E> are LOW, E3 and E, are HIGH and Ay 
or A; is LOW. 
The eight active LOW chip select outputs. 
Ys 13 Ey 
Ye 9 12. Yp 
GND 10 1 OY; 


DIE SIZE: 0.081” X 0.096” 





LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT ACK OUTPUT 
Vcc 





lon Nie 














‘Note: Actual current flow direction shown. 
BL1-04 


AmZ8148 


APPLICATION DIAGRAM 
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AmZ8160 


Cascadable 16-Bit Error Detection.and Correction Unit 
ADVANCED DATA 


DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 


® Modified Hamming Code The AmZ8160 Error Detection and Correction Unit (EDC) con- 
Detects multiple errors and corrects single bit errors ina tains the logic necessary to generate 6 check bits on a 16-bit 
parallel data word. Ideal for use in dynamic memory data field according to a modified Hamming Code, and to correct 
systems. | the data word when check bits are supplied. Operating on data 
read from memory, the AmZ8160 will correct any single bit error 

and will detect all double on some triple bit errors. The AmZ8160 
is expandable to operate on 32-bit words (7 check bits) and 
64-bit words (8 check bits). In all configurations, the device 


Microprocessor compatible makes the error syndrome available on separate outputs for 
The AmZ8160 is designed to work with AmZ8000 data logging. 


microprocessor systems. 


Syndromes provided 
The AmZ8160 makes available the syndrome bits when an 
error occurs so the location of memory faults can be logged. 


The AmZ8160 also features two diagnostic modes, in which 


Advanced circult and PIOES2s technologies diagnostic data can be forced into portions of the chip to simplify 
Newest bipolar LSI techniques provide very high | device testing and to execute system diagnostic functions. The 
performance. product is supplied in a 48 lead hermetic DIP package. 


Data-in to error detection typically 30ns 
Data-in to corrected data out typically 50ns 


Built-in Diagnostics 
Extra logic on the chip provides diagnostic functions to be 
used during device test and for system diagnostics. 
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EDC Architecture 


The EDC Unit is a powerful 16-bit cascadable slice used for 
check bit generation, error detection, error correction and diag- 
nostics. 


As shown in the block diagram, the device consists of the 
following: 


— Data Input Latch 

— Check Bit Input Latch 

-— Check Bit Generation Logic 
— Syndrome Generation Logic 
- Error Detection Logic 

— Error Correction Logic 

— Data Output Latch 

— Diagnostic Latch 

—~ Control Logic 


Data Input Latch 


16 bits of data are loaded from the bidirectional DATA lines 
under control of the Latch Enable input, LE IN. Depending on the 
control mode the input data is either used for check bit genera- 
tion or error detection/correction. 


Check Bit Input Latch 


Seven check bits are loaded under control of LE IN. Check bits 
are used in the Error Detection and Error Correction modes. 


Check Bit Generation Logic 


This block generates the appropriate check bits for the 16 bits of 
data in the Data Input Latch. The check bits are generated ac- 
cording to a modified Hamming code. 


Syndrome Generation Logic 


In both Error Detection and Error Correction modes, this logic 
block compares the check bits read from memory against a 
newly generated set of check bits produced for the data read in 
from memory. If both sets of check bits match, then there are no 
errors. If there is a mismatch, then one or more of the data or 
check bits is in error. 


The syndrome bits are produced by an exclusive-OR of the two 
sets of check bits. If the two sets of check bits are identical 


(meaning there are no errors) the syndrome bits will be all 
zeroes. If there are errors, the syndrome bits can be decoded to 
determine the number of errors and the bit-in-error. = 


Error Detection Logic 


This section decodes the syndrome bits generated by the Syn- 
drome Generation Logic. If there are no errors in either the input 
data or check bits, the ERROR and MULTI ERROR outputs 
remain HIGH. If one or more errors are detected, ERROR goes 
LOW. If two or more errors are detected, both ERROR and 
MULTI ERROR go LOW. 








Error Correction Logic 


For single errors, the Error Correction Logic complements (cor- 
rects) the single data bit in error. This corrected data is loadable 
into the Data Output Latch, which can then be read onto the 
bidirectional data lines. If the single error is one of the check bits, 
the correction logic does not place corrected check bits on the 
syndrome/check bit outputs. If the corrected check bits are 
needed the EDC must be switched to Generate Mode. 


Data Output Latch 


The Data Output Latch is used for storing the result of an error 
correction operation. The latch is loaded from the correction 
logic under control of the Data Output Latch Enable, LE OUT. 
The Data Output Latch may also be loaded directly from the 
Data Input Latch under control of the PASS THRU contro! input. 


The Data Output Latch is split into two 8-bit (byte) latches which 
may be enabled independently for reading onto the bidirectional 
data lines. 


Diagnostic Latch 


This is a 16-bit latch loadable from the bidirectional data lines 
under control of the Diagnostic Latch Enable, LE DIAG. The 
Diagnostic Latch contains check bit information in one byte and 
control information in the other byte. The Diagnostic Latch is 
used for driving the device when in Internal Control Mode, or for 
supplying check bits when in one of the Diagnostic Modes. 


Control Logic 


The control logic determines the specific mode the device oper- 
ates in. Normally the control logic is driven by external control 
inputs. However, in Internal Control Mode, the control signals 
are instead read from the Diagnostic Latch. 
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PIN DEFINITIONS 


~ DATAg-45 


CBo.¢ 


LE IN 


GENERATE 


| S$Cp.¢ 


OE SC 


ERROR 


MULTI 
ERROR 


16 bidirectional data lines. They provide input to 
the Data Input Latch and Diagnostic Latch, and 
receive output from the Data Output Latch. DATAg 
is the least significant bit; DATA;, the most sig- 
nificant. 


Seven Check Bit input lines. The check bit lines 
are used to input check bits for error detection. 
Also used to input syndrome bits for error correc- 
tion in 32 and 64-bit configurations. 


Latch Enable — Data Input Latch. Controls latch- 
ing of the input data. When HIGH the Data Input 
Latch and Check Bit Input Latch follow the input 
data and input check bils. Wien LOW, lite Data 
Input Latch and Check Bit Input Latch are latched 
to their previous state. 


Generate Check Bits input. When this input is 
LOW the EDC is in the Check Bit Generate Mode. 
When HIGH the EDC is in the Detect Mode or 
Correct Mode. 


In the Generate Mode the circuit generates the 
check bits or partial check bits specific to the data 
in the Data Input Latch. The generated check bits 
are placed on the SC outputs. 


In the Detect or Correct Modes the EDC detects 
single and multiple errors, and generates syn- 
drome bits based upon the contents of the Data 
Input Latch and Check Bit Input Latch. In Correct 
Mode, single-bit errors are also automatically cor- 
rected — corrected data is placed at the inputs of 
the Data Output Latch. The syndrome result is 
placed on the SC outputs and indicates in a coded 
form the number of errors and the bit-in-error. 


Syndrome/Check Bit outputs. These seven lines 
hold the check/partial-check bits when the EDC is 
in Generate Mode, and will hold the syndrome/ 
partial syndrome bits when the device is in Detect 
or Correct Modes. These are 3-state outputs. 


Output Enable — Syndrome/Check Bits. When 
LOW, the 3-state output lines SCp., are enabled. 
When HIGH, the SC outputs are in the high im- 
pedance state. 


Error Detected output. When the EDC is in Detect 
or Correct Mode, this output will go LOW if one or 
more syndrome bits are asserted, meaning there 
are one or more bit errors in the data or check bits. 
If no syndrome bits are asserted, there are no er- 
rors detected and the output will be HIGH. In Gen- 
erate Mode, ERROR is forced HIGH. (In a 64-bit 
configuration, ERROR must be externally im- 
plemented.) 


Multiple Errors Detected output. When the EDC is 
in Detect or Correct Mode, this output if LOW indi- 
cates that there are two or more bit errors that 
have been detected. If HIGH this indicates that 
either one or no errors have been detected. In 
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Generate Mode, MULTI ERROR is forced HIGH. 
(In a 64-bit configuration, MULT] ERROR must be 
externally implemented.) 


Correct input. When HIGH this signal allows the 
correction network to correct any single-bit error in 
the Data Input Latch (by complementing the 
bit-in-error) before putting it onto the Data Output 
Latch. When LOW the EDC will drive data directly 
from the Data Input Latch to the Data Output Latch 
without correction. 


Latch Enable — Data Output Latch. Controis the 
latching of the Data Output Latch. When LOW the 
Data Output Latch is latched to its previous state. 
When HIGH the Data Output Latch follows the 
output of the Data Input Latch as modified by the 
correction logic neiwork. in Correct ode, singie- 
bit errors are corrected by the network before 
loading into the Data Output Latch. In Detect 
Mode, the contents of the Data Input Latch are 
passed through the correction network unchanged 
into the Data Output Latch. The inputs to the Data 
Output Latch are unspecified if the EDC is in Gen- 
erate Mode. 


Output Enable — Bytes 0 and 1, Data Output 
Latch. These lines contro! the 3-state outputs for 
each of the two bytes of the Data Output Latch. 
When LOW these lines enable the Data Output 
Latch and when HIGH these lines force the Data 
Output Latch into the high impedance state. The 
two enable lines can be separately activated to 
enable only one byte of the Data Output Latch ata 
time. 


Pass Thru input. This line when HIGH forces the 
contents of the Check Bit Input Latch onto the 
Syndrome/Check Bit outputs (SCp_¢) and the un- 
modified contents of the Data Input Latch onto the 
inputs of the Data Output Latch. 


Diagnostic Mode Select. These two lines control 
the initialization and diagnostic operation of the 
EDC. 


Code Identification inputs. These three bits iden- 
tify the size of the total data word to be processed 
and which 16-bit slice of larger data words a par- 
ticular EDC is processing. The three allowable 
data word sizes are 16, 32 and 64 bits and their 
respective modified Hamming codes are desig- 
nated 16/22, 32/39 and 64/72. Special CODE !D 
input 001 (IDz, 1D,, IDg) is also used to instruct the 
EDC that the signals CODE IDog.2, DIAG 
MODE,.;, CORRECT and PASS THRU are to be 
taken from the Diagnostic Latch, rather than from 
the input control lines. 


Latch Enable — Diagnostic Latch. When HIGH the 
Diagnostic Latch follows the 16-bit data on the 
input lines. When LOW the outputs of the Diag- 


nostic Latch are latched to their previous states. 


The Diagnostic Latch holds diagnostic check bits, 
and internal control signals for CODE IDp.2, DIAG 
MODE ,.;, CORRECT and PASS THRU. 
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FUNCTIONAL DESCRIPTION 

The EDC contains the logic necessary to generate check bits ona 
16-bit data field according to a modified Hamming code. Oper- 
ating on data read from memory, the EDC will correct any single- 
bit error, and will detect all double and some triple-bit errors. It 
may be configured to operate on 16-bit data words (with 6 check 
bits), 32-bit data words (with 7 check bits) and 64-bit data words 
(with 8 check bits). In all configurations, the device makes the 
error syndrome bits available on separate outputs for error data 
logging. 


Code and Byte Specification 


The EDC may be configured in several different ways and oper- 
ates differently in each configuration. It is necessary to indicate 
to the device what size data word is involved and which bytes of 
the data word it is processing. This is done with input lines 
CODE IDpo.2, as shown in Table |. The three modified Hamming 
codes referred to in Table | are: 


e 16/22 code — 16 data bits 

— 6 check bits 

— 22 bits in total. 
@ 32/39 code — 32 data bits 

— 7 check bits 

— 39 bits in total. 
e 64/72 code — 64 data bits 

— 8 check bits 

— 72 bits in total. 


CODE ID input 001 (IDs, ID;, IDg) is a special code used to 
operate the device in Internal Control Mode (described later in 
this section). 


TABLE !. HAMMING CODE AND SLICE IDENTIFICATION. 


CODE | CODE 
ID, IDyp | Hamming Code and Slice Selected 


Code 16/22 

Internal Control Mode 
Code 32/39, Bytes 0 and 1 
Code 32/39, Bytes 2 and 3 
Code 64/72, Bytes 0 and 1 
Code 64/72, Bytes 2 and 3 
Code 64/72, Bytes 4 and 5 
Code 64/72, Bytes 6 and 7 


0 
0 
0 
0 
1 
1 
1 
1 


-~ = OF O- + OO 
- oO - O- Oo + O&O 


Control Mode Selection 


The device control lines are GENERATE, CORRECT, PASS 
THRU, DIAG MODE,.; and CODE IDp.2. Table Il indicates the 
control modes selected by various combinations of the control 
line inputs. 


Diagnostics 
Table III shows specifically how DIAG MODE .,; select between 
normal operation, initialization and one of two diagnostic modes. 


The Diagnostic Modes allow the user to operate the EDC under 
software control in order to verify proper functioning of the 
device. 





Check and Syndrome Bit Labeling 
The check bits generated in the EDC are designated as follows: 


® 16-bit configuration — CX CO, C1, C2, C4, C8; 
® 32-bit configuration — CX, CO, C1, C2, C4, C8, C16; 
@ 64-bit configuration — CX, CO, C1, C2, C4, C8, C16, C32. 


Syndrome bits are similarly labeled SX through S32. There are 
only 6 syndrome bits in the 16-bit configuration, 7 for 32 bits and 
8 syndrome bits in the 64-bit configuration. 


FUNCTIONAL DESCRIPTION — 
16-BIT DATA WORD CONFIGURATION 


The 16-bit format consists of 16 data. bits, 6 check bits and is 
referred to as 16/22 code (see Figure 1). 


The 16-bit configuration is shown in Figure 2. 


Generate Mode 


In this mode check bits will be generated that correspond to the 
contents of the Data Input Latch. The check bits generated 
are placed on the outputs SCo.5 (SCg is unspecified for 16-bit 
operation). 


Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are contained 
in Table IV. Each check bit is generated as either an XOR or 
XNOR of eight of the 16 data bits as indicated in the table. The 
XOR function results in an even parity check bit, the XNOR is an 
odd parity check bit. 


Detect Mode 


In this mode the device examines the contents of the Data Input 
Latch against the Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and some triple-bit errors. If 
one or more errors are detected, ERROR goes LOW. If two or 
more errors are detected, MULTI ERROR goes LOW. Both error 
indicators are HIGH if there are no errors. 


Also available on device outputs SCo_5 are the syndrome bits 
generated by the error detection step. The syndrome bits may 
be decoded to determine if a bit error was detected and, for 
single-bit errors, which of the data or check bits is in error. Table 
V gives the chart for decoding the syndrome bits generated by 
the 16-bit configuration (as an example, if the syndrome bits 
SX/S0/S1/S2/S4/S8 were 101001 this would be decoded to indi- 
cate that there is a-single-bit error at data bit 9). If no error is 
detected the syndrome bits will all be zeroes. 


In Detect Mode, the contents of the Data Input Latch are driven 
directly to the inputs of the Data Output Latch without correction. 


Correct Mode 


In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct (com- 
plement) any single-bit error of the Data Input Latch before put- 
ting it onto the inputs of the Data Output Latch. If multiple errors 
are detected, the output of the correction network is unspecified. 
lf the single-bit error is a check bit there is no automatic correc- 
tion. If check bit correction is desired, this can be done by plac- 
ing the device in Generate Mode to produce a correct check bit 
sequence for the data in the Data Input Latch. 


Pass Thru Mode 


In this. mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch and the con- 
tents of the Check Bit Input Latch are placed on outputs SCp_s. 
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TABLE Il. EDC CONTROL MODE SELECTION. 
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TABLE Ill. DIAGNOSTIC MODE CONTROL. 
DIAG 


DIAG 
MODE, MODE, Diagnostic Mode Selected 


ar a a a Non-diagnostic mode. The EDC functions normally in all modes. 


1 Diagnostic Mode A. The contents of the Diagnostic Latch are substi- 

tuted for the normally generated check bits when in the Generate Mode. 
The EDC functions normally in the Detect or Correct modes. 

1 Diagnostic Mode B. In the Detect or Correct Mode, the contents of the 
Diagnostic Latch are substituted for the check bits normally read from 
the Check Bit Input Latch. The EDC functions normally in the 
Generate Mode. 

1 1 Initialize. The inputs of the Data Output Latch are forced to zeroes and 
the check bits generated correspond to the all-zero data. 
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DATA CHECK BITS 
1§ 817 0 


Uses Modified Hamming Code 16/22 
— 16 data bits 

— 6 check bits 

— 22 bits in total! 


BLI-202 Figure 1. 16 Bit Data Format. 
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Figure 2. 16 Bit Configuration. BLI-203 


TABLE IV. 16-BIT MODIFIED HAMMING CODE — CHECK BIT ENCODE CHART. 
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The check bit is generated as.either an XOR or XNOR of the eight data bits noted by an “X” in the table. 


TABLE V. SYNDROME DECODE 
TO BIT-IN-ERROR. 


Syndrome S8 
Bits $4 
S2 

SX SO S1 


% — no errors detected 

Number — the location of the single bit-in-error 
T — two errors detected 

M — three or more errors detected 





TABLE VI. DIAGNOSTIC LATCH LOADING — 
16-BIT FORMAT. 









Diagnostic Check Bit 4 
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Diagnostic Latch 


The Diagnostic Latch serves both for diagnostic uses and inter- 
nal control uses. It is loaded from the DATA lines under the 
control of LE DIAG. Table VI shows the loading definitions for 
the DATA lines. 


Generate Using Diagnostic Latch (Diagnostic Mode A) 
Detect Using Diagnostic Latch (Diagnostic Mode B) 
Correct Using Diagnostic Latch (Diagnostic Mode B) 


These are special diagnostic modes selected by DIAG MODE ., 
where either normal check bit inputs or outputs are substituted 
for by check bits loaded into the Diagnostic Latch. See Table III 
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Internal Control Mode 
This mode is selected by CODE !Do.2 input 001 (IDz2, ID;, IDg). 


When in Internal Control Mode, the EDC takes the CODE IDp.», 
DIAG MODE ».;, CORRECT and PASS THRU control signals 
from the internal Diagnostic Latch rather than from the external 
input lines. 


Table Vi gives the format for loading the Diagnostic Latch. 


32 and 64-Bit Operation 


The EDC can easily be cascaded to operate on 32 and 64-bit data 
words. Since this is unlikely to occur in a Z8000 system, it is not 
discussed in this data sheet. Interested users should refer to the 
Am2960 data sheet for more information. 
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Note: Pin 1 is marked for orientation. 
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AmZ8161 « AmZ8162 


4-Bit Error Correction Multiple Bus Buffers 


IN DEVELOPMENT 































DISTINCTIVE CHARACTERISTICS 


e Quad high-speed LSI bus-transceiver 

e Provides complete data path interface between the AmZ8160 
Error Detection and Correction Unit, the system data bus and 
dynamic RAM memory 

® 3-state 24mA output to data bus 

e 3-state data output to memory 

@ Inverting data bus for AmZ8161 and non-inverting for 
AmZ8162 

e Data bus latches allow operation with multiplexed buses 

e@ Advanced Low-Power Schottky processing 

e 100% product assurance screening to MIL-STD-883 

requirements 


FUNCTIONAL DESCRIPTION 


The AmZ8161 and AmZ8162 are high-performance, low-power 
Schottky multiple bus buffers that provide the complete data 
path interface between the AmZ8160 Error Detection and Cor- 
rection Unit, dynamic RAM memory and the AmZ8000 system 
data bus. The AmZ8161 provides an inverting data path between 
the data bus (B;) and the AmZ8160 error correction data input 
(Y;) and the AmZ8162 provides a non-inverting configuration (B; 
to Y;). Both devices provide inverting data paths between the 
AmZ8160 and memory data bus thereby optimizing internal data 
path speeds. 


The AmZ8161 and AmZ8162 are 4-bit devices. Four devices are 
used to interface each 16-bit AmZ8160 Error Detection and Cor- 
rection Unit with dynamic memory. The system can easily be 
expanded to 32 or more bits for wider memory applications. The 
4-bit configuration allows enabling the appropriate devices 
two-at-a-time for intermixed word or byte, read and write in 16-bit 
systems with error correction. 



































Data latches between the error correction data bus and the 
system data bus facilitate the addition of error corrected memory 
in synchronous data bus systems. They also provide a data 
holding capability during single-step system operation. 


AmZ8161 LOGIC DIAGRAM CONNECTION DIAGRAM 


Top View 
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BLI-207 
*AmZ8162 is the same function but non-inverting between the Y bus 


to the system data bus, B. This is done by making both latches 


inverting. Note: Pin 1 is marked for orientation. 
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Dynamic Memory Timing, Refresh and EDC Controller 


DISTINCTIVE CHARACTERISTICS 


® Complete AmZ8000 CPU to dynamic RAM contol interface 
@ RAS/CAS Sequencer to eliminate delay lines 

@ Memory request/refresh arbitration 

@ Controls for Word/Byte read or write 

e Complete EDC data path and mode controls 


The AmZ8163 is a high speed bus interface controller forming an 
integral part of the AmZ8000 memory support chip set using 
dynamic MOS RAMs with Error Detection and Correction (EDC). 
The complete chip set includes the AmZ8127 Clock Generator 


and Controller, the AmZ8164 Dynamic Memory Controller, the 
AmZ8161/2 EDC Bus Buffers, the AmZ8160 EDC Unit and op- 
tional AmZ8165/6 RAM Drivers. 


The AmZ8163 provides all of the contro! interface functions in- 
cluding RAS/Address MUX/CAS timing (without delay lines), re- 
fresh timing, memory request/refresh arbitration and all EDC 


e Refresh interval timer independent of CPU 

@ Refresh control during Single Step or Halt modes 

e EDC error flag latches for error logging under software control 
e@ Also, complete control for 8-Bit MOS nP 


enables and controls. The enable controls are configured for both 
word and byte operations including the data controls for byte write 
with error correction. The AmZ8163 generates bus and operating 
mode controls for the AmZ8160 EDC Unit. 


The AmZ8163 uses the AmZ8127 16MHz (4 x CLK) output to 
generate RAS/Address MUX/CAS timing. An internal refresh 
interval timer generates the memory refresh request independent 
of the CPU to guarantee the proper refresh timing under all 
combinations of CPU and DMA memory requests. 
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Dynamic Memory Controller 


























DISTINCTIVE CHARACTERISTICS 


e@ Dynamic Memory Controller for 16K and 64K MOS dynamic 
RAMs 

@ 8-Bit Refresh Counter for refresh address generation, has 
Clear input and terminal count output 

e@ Refresh Counter Terminal count selectable at 256 or 128 

@ Latch Input RAS Decoder provides 4 RAS outputs, all active 
during refresh 

e Dual 8-Bit Address Latches plus separate RAS Decoder 
Latches 

e Grouping functions on a common chip minimizes speed dif- 
ferentialskew between address, RAS and CAS outputs 

@ 3-Port 8-Bit Address Multiplexer with Schottky speed 

e@ Burst mode, distributed refresh or transparent refresh mode 
determined by user | a 

@ Non-inverting address, RAS and CAS paths 

e 100% product assurance screening to MIL-STD-883 

requirements 





FUNCTIONAL DESCRIPTION 


The AmZ8164 Dynamic Memory Controller replaces several MSI 
devices by grouping several unique functions. Two 8-bit latches 
capture and hold the memory address from the AmZ8000 multi- 
plexed data and address bus. These latches and a clearable, 
8-bit refresh counter feed into an 8-bit, 3-input, Schottky speed 
MUX, for output to the dynamic RAM address lines. The device 
is also compatible with Am8085 or any CPU interfacing with 
dynamic RAMs. 










































The same silicon chip also includes a special RAS decoder and 
CAS buffer. Placing these functions on the same chip minimizes 
the time skew between output functions which would otherwise 
be separate MSI chips, and therefore, allows a faster memory 
cycle time by the amount of skew eliminated 


Pulsing the active LOW refresh line, RFSH; switches the MUX to 












LOGIC DIAGRAM CONNECTION DIAGRAM 


Top View 





AmZ8164 


REFRESH 


COUNTER 5 


LATCH RAS 
DECODE 


D 
me 


RSEL, 





() 
CAS 
BUFFER 
Note: Pin 1 is marked for orientation. BLI-209 


4-106 


AmZ8165 ¢ AmZ8166 


Octal Dynamic Memory Drivers with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


Controlled rise and fall characteristics 
Internal resistors provide symmetrical drive to HIGH and 
LOW states, eliminating need for external series resistor. 


Output swings designed to drive 16K and 64K RAMs 
Von guaranteed at Vcc — 1.15V. Undershoot going LOW 
guaranteed at less than 0.5V. 

Large capacitive drive capability 

35mA min source or sink current at 2.0V. Propagation 
delays specified for 50pF and 500pF loads. 
Pin-compatible with ’S240 and ’S244 

Non-inverting AmZ8166 replaces 745244; inverting 
AmZ8165 replaces 74S240. Faster than 'S240/244 under 
equivalent load. — 


No-glitch outputs 


Outputs forced into OFF state during power up and down. 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 


BLI-210 


FUNCTIONAL DESCRIPTION 


The AmZ8165 and AmZ8166 are designed and specified to drive 
the capacitive input characteristics of the address and control 
lines of MOS dynamic RAMs. The unique design of the lower 
output driver includes a collector resistor to contro! undershoot on 
the HIGH-to-LOW transition. The upper output driver pulls up to 
Voc — 1.15V to be compatible with MOS memory and is designed 
to have a rise time symmetrical with the lower output’s controlled 
fall time. This allows optimization of Dynamic RAM pertormance. 


The AmZ8165 and AmZ8166 are pin-compatible with the popular 
’°$240 and’S244 with identical 3-state output enable controls. The 
AmZ8165 has inverting drivers and the AmZ8166 has non-invert- 
ing drivers. 


The inclusion of an internal resistor in the lower output driver 
eliminates the requirement for an external series resistor, there- 
fore reducing package count and the board area required. The 
internal resistor controls the output fall and undershoot without 
slowing the output rise. 


These devices are designed for use with the AmZ8164 Dynamic 
Memory Controller where large dynamic memories with highly 
capacitive input lines require additional buffering. Driving eight 
address lines or four RAS and four CAS lines with drivers on the 
same silicon chip also provides a significant performance ad- 
vantage by minimizing skew between drivers. Each device has 
specified skew between drivers to improve the memory access 
worst case timing over the min and max tpp difference of un- 
specified devices. 


TYPICAL OUTPUT DRIVER 


Voc 


OUTPUT TO 
RAM ADDRESS 
OR CONTROL 
LINES . 


BLI-211 


LOGIC DIAGRAMS 


AmZ8165 


BLI-213 
AmZ8166 
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AmZ8165 « AmZ8166 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65 to +150°C 
Temperature (Ambient) Under Bias —55 to +125°C 
Supply Voltage to Ground Potential Continuous —0.5 to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vec max 
DC Input Voltage -0.5 to +7.0V 
DC Output Current, into Outputs 30mA 
DC Input Current —30 to +5.0mA 





ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COML Ta = 0to 70°C Veco = 5.0V +10%  (MIN=4.50V. MAX = 5.50V) 
MIL Ta = -55to +125°C Voc = 5.0V +10%  (MIN=4.50V. MAX = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ 
Parameters Description Test Conditions (Note 1) Min (Note 2) Max Units 


IH 
IL 
| 















Input HIGH Level Guaranteed input logical HIGH voltage Volts 
for all inputs 

Input LOW Level Guaranteed input logical LOW voltage Volts 
for all inputs 


Pin pat GH Curent | Voc = MAK. Vin= 270 
rh | a HGH Curent [Voc = MAK Vins 70V 


. 


.= 
ple 


0 


= 


2 
> 













.~ 
» 


—_— —_h 

on Pa) 

‘a 
3 
> 


Off-State Current Vo = 2.7V 
Off-State Current Vo = 0.4V 
All Outputs Hi-Z 
All Outputs HIGH 
AmZ8166 All Outputs LOW 


Output Sink Current VoL = 2.0V . 
lon | Output Source Current Von = 2.0V 
lec 
All Outputs Hi-Z 
Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 


Output Short Circuit Current = 
(Note 3) vec = MMs (see Io) 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 


All Outputs HIGH . nase 
cc > 
AmZ8165 All Outputs LOW Outputs Open 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Supply Current 







Voc = MAX 
Outputs Open 


| 
2?) 
= 
oO 
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AmZ8165 *« AmZ8166 


AmZ8165 « AmZ8166 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, VCC = 5.0V) 


Parameters Description Test Conditions Min Typ Max Units 


tery Propagation Delay Time from 
Se cine cee Figure 1 Test Circuit 
Figure 3 Voltage Levels 
tp Propagation Delay Time from and Waveforms 
— HIGH-to-LOW Output 


Output Disable Time from Figures 2 and 4, S rae ls ee 
LOW, HIGH 


ee 
Output Enable Time from Figures 2 and 4, S = 1 


Output-to-Output Skew Figures 1 and 3, C, = 50pF 


Output Voltage Undershoot Figures 1 and 3, C; = 50pF 


WIG & Ul “Fy we 








SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE (Note 6) 







Ta = 0 to 70°C 
Voc = 5.0V +10% 


Ty = —55 to +125°C 
Vcc = 5.0V +10% 


Parameters Description Test Conditions Min 


= a 


| teiz___| Output Disable Time from | 
Fiqures 2 and 4 


: Lo eo 

: fee! a 

Output Enable Time from | prego anda Sat | | 
es a 














LOW, HIGH 


Notes: 4. Typical time shown for reference only — not tested. 
5. Time Skew specification is guaranteed by design but not tested. 
6. AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


SWITCHING TEST CIRCUITS 


BLI-214 


cr 


I 


*tpq specified at C = 50 and 500pF. 


Figure 1. Capacitive Load Switching. Figure 2. Three-State Enable/Disable. 
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AmZ8165 « AmZ8166 


TYPICAL SWITCHING CHARACTERISTICS 


VOLTAGE WAVEFORMS 


3.0V 


ENABLE 
INPUT 


AmZ8165 
3.0V 


INPUT 1.5V 1.5V 
AmZ8166 


OV 





tp = ts = 2.5ns ty = ty = 2.5ns 

f = 2.5MHz f = 1MHz 

tow = 200ns BLI-217 tow = 800ns BLI-218 
Figure 3. Output Drive Levels. Figure 4. Three-State Control Levels. 


The RAM Driver symmetrical output design offers significant improvement over a standard Schottky output by providing a balanced drive 
output impedance (~33N both HIGH and LOW), and by pulling up to MOS Voy levels (Vec — 1.15V). External resistors, not required with 
the RAM Driver, protect standard Schottky drivers from error causing undershoot but also slow the output rise by adding to the internal R. 


The RAM Driver is optimized to drive LOW at maximum speed based on safe undershoot control and to drive HIGH with a symmetrical 
speed characteristic. This is an optimum approach because the dominant RAM loading characteristic is input capacitance. 


The curves shown below provide performance characteristics typical of both the inverting (AmZ8165) and non-inverting (AmZ8166) RAM 
Drivers. 


LOAD CAPACITANCE C, — pF 
LOAD CAPACITANCE C, — pF 





‘BLI-219 Figure 5. tp, y vs. C_. Figure 6. tp}, vs. C;,. BLI-220 


The curves above depict the typical tp, ,, and tp, for the RAM Driver outputs as a function of load capacitance. The minimums and 
maximums are shown for worst case design. The typical band is provided as a guide for intermediate capacitive loads. 
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AmZ8165 « AmZ8166 


APPLICATION 


64K/256K X 22-BIT MEMORY 


DATA MEMORY 
UPPER BYTE LOWER BYTE 


e 
AmZ8165/ 


7/8 22 Am9016s OR Am9064s 


AS 


AmZ8164 
ADDR DYNAMIC 
MEMORY 


AmZ8001/2 CONTROLLER 
CPU 


22 Am9016s OR Am9064s 


WE | WE 


WE 
AmZ8166 M4 Z 


AmZ8163 

Am2Z8127 REFRESH 

CLOCK GEN/ AND EDC 
CONTROLLER CONTROLLER 


AmZ8161/8162 (4) AmZ8160 
EDC BUS BUFFERS EDC UNIT 


BLI-221 DATA BUS 


“Address and RAS/CAS drivers each drive 22 RAM inputs at each output. Timing skew is minimized by 
using one device for address lines and one device for RAS/CAS, spreading the CAS loading over four 
drivers to equalize the capacitive load on each driver. 


DYNAMIC MEMORY CONTROL WITH ERROR DETECTION AND CORRECTION 


Metallization and Pad Layouts 
AmZ8165 AmZ8166 
2 ea ee 


Fo 1 fe | 
a oe 


DIE SIZE 0.094” X 0.060” DIE SIZE 0.094” X 0.060” 
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AmZ8165 « AmZ8166 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 





AmZ8165 AmZ8166 Package Temperature Screening 
Order Number Order Number Type Range Level! 
AMZ8165PC AMZ8166PC P-20 Cc C-1 
AMZ8165DC AmZ8166DC D-20 Cc C-1 
AMZ8165DM AMZ8166DM D-20 M C-3 
AMZB165XC  AMZBI66XC__—CDce C irre 
AMZ8165XM AMZ8166XM Dice M 


Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP. Number following letter is number of leads. 
2. C = 0to 70°C, Voc = 4.50 to 5.50V, M = —55 to +125°C, Voc = 4.50 to 5.50V. 
3. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 


4-112 


AmZ817/3 


Octal Latch with Three-State Outputs 


See AmZ8133 « AmZ8173 data sheet, 
listed under AmZ8133. 
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Am8255A/8255A-5 


Programmable Peripheral Interface 


DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 
e Direct bit set/reset capability easing control application The Am8255A is a general purpose programmable I/O device 


interface 


designed for use with Am8080A and Am8085A microproces- 


Reduces system package count sors. It has 24 I/O pins which may be individually programmed in 
Improved DC driving capability two groups of twelve and used in three major modes of opera- 
24 programmable |/O pins tion. In the first mode, each group of twelve I/O pins may be 
Completely TTL compatible programmez in sets of 4 and 8 to be input or output. In Mode 1, 
Fully compatible with 8080A and 8085A microprocessor the second mode, each group may be programmed to have 8 


families 


lines of input or output. Of the remaining four pins three are used 


Improved timing characteristics for handshaking and interrupt control signals. The third mode of 
Military version available operation (Mode 2) is a bi-directional bus mode which uses eight 
lines for a bi-directional bus, and five lines, borrowing one from 
the other group, for handshaking. 


Am8255A BLOCK DIAGRAM 


SUPPLIES 


BI-DIRECTIONAL BUS 
DATA 


D7-Do < —— >} _Bus 


BUFFER 


INTERNAL 
DATA BUS 


MOS-107 


ORDERING INFORMATION 


Ambient Temperature 
Package Type Specification Order Numbers 
Hermetic DIP AM8255ADC AM8255A-5DC 
0°C <= T, S +70°C 


Molded DIP AM8255APC AM8255A-5PC 


| Hermetic DIP -55°C <T, <+125°C | AMOSS5SADM/MB255A | sid 
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Am8255A/8255A-5 


CONNECTION DIAGRAM — Top View PIN NAMES 


Data Bus (Bi-Directional) 
reset | Resetmpit 
Chip Select 


On AO eh WD = 


wo 


10 Am8255A 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 





MOS-108 





MAXIMUM RATINGS above which useful life may be impaired 
Storage Temperature —65°C to +150°C 








Ambient Temperature Under Bias —55°C to +125°C 
Vec with Respect to Vss —0.5V to +7.0V 
_ All Signal Voltages with Respect to Vss5 | —0.5V to +7.0V 
Power Dissipation 1.0W 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations 
of static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to 
avoid exposure to excessive voltages. 


CAPACITANCE 17, = 25°C: Voc = GND = OV 


Parameter Description Test Conditions Min. Typ. Max. Unit 


Cin [Input Capacitance fc = 1MHz 
I/O Capacitance Unmeasured pins returned to GND 


TEST LOAD CIRCUIT (FOR DATA BUS) 


7500) 
ab Cc *VexT is set at various voltages during testing to guarantee the specification. 





L 


OPERATING RANGE 


Part Number Ta 


Voc 
Am8255ACC/PC 0°C to +70°C 45V +5% 
Am9555ADM 55°C to +125°C | +5V +10% 


DC CHARACTERISTICS Over Operating Range 
Parameter Description Test Conditions 


[Yu | teputtowvotose—TSSSC*dSC OS 
Output Low Voltage (Data Bus) plo =25mA st 
Output Low Voltage (Peripheral Port) lin =t7mA sd 
pee] 
ed 
Eau 





Vss 

























ae 
(a 1 anes eaenroeeae ears ear 
rior | OupurFoatteaace | Vour=Vecwov [| +t 


Note 1: Available on any 8 pins from Port B and C. 
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Min. 
Von(DB) Output High Voltage (Data Bus) lon = —400nA 2.4 
—1.0 





Am8255A/8255A-5 


AC CHARACTERISTICS Over Operating Range 
BUS PARAMETERS: 
Read: 
Am8255A Am8255A-5 Am9555ADM 


Parameter Description Max. Min. Max. Min. Max. Unit 


Min. 
Tian | Aétiess Stable Beto READS 
rina | Adstess Stable AferREAD | 
finn | READ Pulse with 80 
[ino | Data Valid From READ oie) 








300 
250 
150 


Data Float After READ 
Time Between READs and/or WRITEs 


Ww 
Oo 
=) 


_ 
o 









Write: 
Am8255A Am8255A-5 Am9555ADM 


Parameter Description Max. Min. Max. Min. Max. Unit 


Min. 
Ftaw | Ades Sabie Bote WRITE | 
Fin | Address Stable Aterwarre 0 
| 100 







Data Valid to WRITE (T.E.) 
Data Valid After WRITE 


Other Timings: 





Am8255A Am8255A-5 Am9555ADM 
Max. Min. Max. Min. Max. Unit 
350 


Parameter Description 


Min. 
lta | Peripheral Data Before RD ae 
300 
; 180 
20 












Peripheral Data After RD 


300 
500 


300 


twe 
ACK Pulse Width 
STB Pulse Width 
Per. Data Before T.E. of STB 


mk, 
Los] 
_ 
[os] 


Per. Data After T.E. of STB 
ACK = 0 to Output (Note 1) 


300 


x 
300 
— 
x 
<< 
ae 

ACK Fe Ouputroet «dC 

twos WR = 1 to OBF = 0 (Note 1) 

Cae RST a 
oe 
aa 
aa 
ar 
—— 
ee 





35 
3 


‘ie | AD = FoF =O) 
RD = 0 to INTR = 0 (Note 1) 
STB = 1 to INTR = 1 (Note 1) 


Notes: 1. Test Conditions: Am8255A/Am9555ADM: C, = 100pF; Am8255A-5: C, = 150pF. 
2. Period of Reset pulse must be at least 504s during or after power on. Subsequent Reset pulse can be 500ns min. 


0 
00 


i é) 
io) 


: 
on 
Oo 





300 
350 
850 


350 
300 
350 
300 
300 
400 
300 
350 
850 
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Am8255A/8255A-5 


WAVEFORMS 


2.4 
2.0 -o 2.0 
TEST POINTS 
0.8 —<~ ™ 0.8 


0.45 


Input Waveforms For A.C. Tests 
MOS-109 





INPUT | 4 | ) 


ea ee eee Oe ee lh pies 


——_—_—- tap ——_—_—~ $$$ - top —_—_—__—_—_—___ 





Mode 0 (Basic Input) 








MOS-110 
tww 
WR 
w— ty p— 
$$$ tg yw$——-——__—» lS 
twB——= 

Mode 0 (Basic Output) 

MOS-111 
arama (5 
STB 
Rey 
IBF | | . 
tsit | tris 
INTR 
RD —— 
tpy = 
PERIPHERAL 
-_____——- tps 

Mode 1 (Strobed Input) 

MOS-112 
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Am8255A/8255A-5 





WAVEFORMS (Cont.) 





WR 
taos ———>— 
OBF 
twos 
INTR N 
ACK 
tak -——— Peers ee 
OUTPUT i 4 
—twe 
Mode 1 (Strobed Output) 
MOS-113 
DATA FROM 
8080A/8085A TO 8255A 
WR 
len eae! "sop —- 
OBF 
INTR 
twit 
ACK Jeg 
1 —— 
STB 
tsi8 oa 
IBF 
——_____—. tps tap|i—— ss —e| tho ja 
PERIPHERAL 
PERIPHERAL ees ~ (i) 
—— tris 
RD 
DATA FROM DATA FROM 
PERIPHERAL TO 8255A 8255A TO PERIPHERAL 
DATA FROM 8255A 
TO 8080A/8085A 
Note: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF * MASK * STB « RD + OBF * MASK « ACK « WR) 
Mode 2 (Bi-directional) 
MOS-114 
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Am9511A 


Arithmetic Processor 










DISTINCTIVE CHARACTERISTICS 





GENERAL DESCRIPTION 


The Am9511A Arithmetic Processing Unit (APU) is a monolithic 
MOS/LSI device that provides high performance fixed and 
floating point arithmetic and a variety of floating point 
trigonometric and mathematical operations. It may be used to 
enhance the computational capability of a wide variety of 
processor-oriented systems. 






















Replaces Am9511 

Fixed point 16 and 32 bit operations 

Floating point 32 bit operations 

Binary data formats 

Add, Subtract, Multiply and Divide 

Trigonometric and inverse trigonometric functions 
Square roots, logarithms, exponentiation 

Float to fixed and fixed to float conversions 
Stack-oriented operand storage 

DMA or programmed I/O data transfers 

End signal simplifies concurrent processing 
synchronous/Asynchronous operations 

General purpose 8-bit data bus interface 
Standard 24 pin package 

+12 volt and +5 volt power supplies 

Advanced N-channel silicon gate MOS technology 
100% MIL-STD-883 reliability assurance testing 


All transfers, including operand, result, status and command 
information, take place over an 8-bit bidirectional data bus. 
Operands are pushed onto an internal stack and a command 
is issued to perform operations on the data in the stack. Re- 
sults are then available to be retrieved from the stack, or addi- 
tional commands may be entered. 


Transfers to and from the APU may be handled by the 
associated processor using conventional programmed !/O, or 
may be handled by a direct memory access controller for im- 
proved performance. Upon completion of each command, the 
APU issues an end of execution signal that may be used as 
an interrupt by the CPU to help coordinate program execution. 




















BLOCK DIAGRAM 


OPERAND 
STACK 
8x 16 paw 


CONTROLLER 


CONNECTION DIAGRAM 
Top View 


(GND) VSS 












on BUS 
WR —"Ol conTROL (+5V) VCC 


WORKING 
REGISTERS 


CONSTANT 
ROM 
CONTROL 
ROM 


EACK 
SVACK 


SVREQ 






DO 
NOT 
USE 





Am9511A 










DBO PAUSE 





DB1 


STATUS 
REGISTER 





VDD (+12V) 






DB2 DB7 





INTERFACE 
CONTROL 
DB6 


OBS 







Pin 1 is marked for orientation. 


MOS-046 MOS-047 


ORDERING INFORMATION 


Package Ambient Maximum Clock Frequency 






O°C = Tag = +70°C Am9511ADC Am9511A-1DC 
Hermetic DIP 
—55°C <= Ty, S +125°C Am9511ADM Am9511A-1DM 
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Am9511A 


INTERFACE SIGNAL DESCRIPTION 


VCC: +5V Power Supply 
VDD: +12V Power Supply 
VSS: Ground 


CLK (Clock, Input) 


An external timing source connected to the CLK input provides 
the necessary clocking. The CLK input can be asynchronous to 
the RD and WR control signals. 


RESET (Reset, Input) 


A HIGH on this input causes initialization. Reset terminates any 
operation in progress, and clears the status register to zero. The 
internal stack pointer is initialized and the contents of the stack 
may be affected but the command register is not affected by the 
reset operation. After a reset the END output, and the SVREQ 
output will be LOW. For proper initialization, the RESET input 
must be HIGH for at least five CLK periods following stable 
power supply voltages and stable clock. 





C/D (Command/Data Select, Input) 


The C/D input together with the RD and WR inputs determines 
the type of transfer to be performed on the data bus as follows: 


c/o) RD [WR] Function 
Push data byte into the stack 
Pop data byte from the stack 





L =LOW 
H = HIGH 
X = DON'T CARE 


END (End of Execution, Output) 


A LOW on this output indicates that execution of the current 
command is complete. This output will be cleared HIGH by ac- 
tivating the EACK input LOW or performing any read or write 
operation or device initialization using the RESET. If EACK is 
tied LOW, the END output will be a pulse (see EACK descrip- 
tion). This is an open drain output and requires a pull up to + 5V. 








Reading the status register while a command execution is in 
progress is allowed. However any read or write operation clears 
the flip-flop that generates the END output. Thus such continu- 


ous reading could conflict with internal logic setting the EN 
flip-flop at the completion of command execution. 


EACK (End Acknowledge, Output) 


This input when LOW makes the END output go LOW. As men- 
tioned earlier HIGH on the END output signals completion of a 
command execution. The END output signal is derived from an 
internal flip-flop which is clocked at the completion of a com- 
mand. This flip-flop is clocked to the reset state when EACK is 
LOW. Consequently, if the EACK is tied LOW, the END output 
will be a pulse that is approximately one CLK period wide. 


SVREQ (Service Request, Output) 


A HIGH on this output indicates completion of a command. In 
this sense this output is same as the END output. However, 
whether the SVREQ output will go HIGH at the completion of a 
command or not is determined by a service request bit in the 
command register. This bit must be 1 for SVREQ to go HIGH. 
The SVREQ can be cleared (i.e., go LOW) by activating the 
SVACK input LOW or initializing the device using the RESET. 





Also, the SVREQ will be automatically cleared after completion 
of any command that has the service request bit as O. 


SVACK (Service Acknowledge, Input) 


A LOW on this input activates the reset input of the flip-flop 
generating the SVREQ output. If the SVACK input is perma- 
nently tied LOW, it will conflict with the internal setting of the 
flip-flop to generate the SVREQ output. Thus the SVREQ indi- 
cation cannot be relied upon if the SVACK is tied LOW. 





DBO0-DB7 (Bidirectional Data Bus, Input/Output) 


These eight bidirectional lines are used to transfer command, 
status and operand information between the device and the host 
processor. DBO is the least significant and DB7 is the most 
significant bit position. HIGH on the data bus line corresponds to 
1 and LOW corresponds to 0. 


When pushing operands on the stack using the data bus, the 
least significant byte must be pushed first and most significant 
byte last. When popping the stack to read the result of an opera- 
tion, the most significant byte will be available on the data bus 
first and the least significant byte will be the last. Moreover, for 
pushing operands and popping results, the number of transac- 
tions must be equal to the proper number of bytes appropriate 
for the chosen format. Otherwise, the internal byte pointer will 
not be aligned properly. The Am9511A single precision format 
requires 2 bytes, double precision and floating-point formats re- 
quire 4 bytes. 


CS (Chip Select, Input) 


This input must be LOW to accomplish any read or write opera- 
tion to the Am9511A. 

To perform a write operation data is presented on DBO through 
DB7 lines, C/D is driven to an appropriate level and the CS input 
is made LOW. However, actual writing into the Am9511A cannot 
start until WR is made LOW. After initiating the write operation 
by a WR HIGH to LOW transition, the PAUSE output will go 
LOW momentarily (TPPWW). 


The WR input can go HIGH after PAUSE goes HIGH. The data 
lines, C/D input and the CS input can change when appropriate 
hold time requirements are satisfied. See write timing diagram 
for details. 





To perform a read operation an appropriate logic level is estab- 
lished on the C/D input and CS is made LOW. The Read opera- 
tion does not start until the RD input goes LOW. PAUSE will go 
LOW for a period of TPPWR. When PAUSE goes back HIGH 
again, it indicates that read operation is complete and the re- 
quired information is available on the DBO through DB7 lines. 
This information will remain on the data lines as long as RD input 
is LOW. The RD input can return HIGH anytime after PAUSE 
goes HIGH. The CS input and C/D inputs can change anytime 
after RD returns HIGH. See read timing diagram for details. The 
CS must have a HIGH to LOW transition for every READ or 
WRITE operation. 








RD (Read, Input) 


A LOW on this input is used to read information from an internal 
location and gate that information on to the data bus. The cs 
input must be LOW to accomplish the read operation. The C/D 
input determines what internal location is of interest. See C/D, 
CS input descriptions and read timing diagram for details. If the 
END output was LOW, performing any read operation will make 
the END output go HIGH after the HIGH to LOW transition of the 
RD input (assuming CS is LOW). 
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WR (Write, Input) 


A LOW on this input is used to transfer information from the data 
bus into an internal location. The CS must be LOW to ac- 
complish the write operation. The C/D determines which internal 
location is to be written. See C/D, CS input descriptions and 
write timing diagram for details. 


If the END output was LOW, performing any write operation will 
make the END output go HIGH after the LOW to HIGH transition 
of the WR input (assuming CS is LOW). 


PAUSE (Pause, Output) 


This output is a handshake signal used while performing read or 
write transactions with the Am9511A. A LOW at this output indi- 
cates that the Am9511A has not yet completed its information 
transier wiin ine host over the dala bus. During a read operation, 
after CS went LOW, the PAUSE will become LOW shortly (TRP) 
after RD goes LOW. PAUSE will return high only after the data 
bus contains valid output data. The CS and RD should remain 
LOW when PAUSE is LOW. The RD may go high anytime after 
PAUSE goes HIGH. During a write operation, after CS went 
LOW, the PAUSE will be LOW for a very short duration 
(TPPWN) after WR goes LOW. Since the minimum of TPPWW 
is 0, the PAUSE may not go LOW atall for fast devices. WR may 
go HIGH anytime after PAUSE goes HIGH. 














FUNCTIONAL DESCRIPTION 


Major functional units of the Am9511A are shown in the block 
diagram. The Am9511A employs a microprogram controlled 
stack oriented architecture with 16-bit wide data paths. 


The Arithmetic Logic Unit (ALU) receives one of its operands 
from the Operand Stack. This stack is an 8-word by 16-bit 2-port 
memory with last in-first out (LIFO) attributes. The second 
operand to the ALU is supplied by the internal 16-bit bus. In 
addition to supplying the second operand, this bidirectional bus 
also carries the results from the output of the ALU when re- 
quired. Writing into the Operand Stack takes place from this 
internal 16-bit bus when required. Also connected to this bus are 
the Constant ROM and Working Registers. The ROM provides 
the required constants to perform the mathematical operations 
‘(Chebyshev Algorithms) while the Working Registers provide 
storage for the intermediate values during command execution. 


Communication between the external world and the Am9511A 
takes place on eight bidirectional input/output lines DBO through 
DB7 (Data Bus). These signals are gated to the internal eight-bit 
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bus through appropriate interface and buffer circuitry. Multi- 
plexing facilities exist for bidirectional communication between 
the internal eight and sixteen-bit buses. The Status Register and 
Command Register are also accessible via the eight-bit bus. 


The Am9511A operations are controlled by the microprogram 
contained in the Control ROM. The Program Counter supplies 
the microprogram addresses and can be partially loaded from 
the Command Register. Associated with the Program Counter is 
the Subroutine Stack where return addresses are held during 
subroutine calls in the microprogram. The Microinstruction 
Register holds the current microinstruction being executed. This 
register facilitates pipelined microprogram execution. The In- 
struction Decode logic generates various internal control signals 
needed for the Am9511A operation. 


The Interface Control logic receives several external inputs and 
provides handshake related outputs to facilitate interfacing the 
Am9511A to microprocessors. 


COMMAND FORMAT 


Each command entered into the Am9511A consists of a single 
8-bit byte having the format illustrated below: 


OPERATION 
ee SINGLE lai - CODE | 
(sr). 


7 6 5 4 a 2 1 0 


Bits 0-4 select the operation to be performed as shown in the 
table. Bits 5-6 select the data format for the operation. If bit 5 
is a 1, a fixed point data format is specified. If bit 5 is a 0, 
floating point format is specified. Bit 6 selects the precision of 
the data to be operated on by fixed point commands (if bit 5 
= 0, bit 6 must be 0). If bit 6 is a 1, single-precision (16-bit) 
operands are indicated; if bit 6 is a 0, double-precision (32-bit) 
operands are indicated. Results are undefined for all illegal 
combinations of bits in the command byte. Bit 7 indicates 
whether a service request is to be issued after the command 
is executed. If bit 7 is a 1, the service request output 
(SVREQ) will go high at the conclusion of the command and 
will remain high until reset by a low level on the service 
acknowledge pin (SVACK) or until completion of execution of 
a succeeding command where bit 7 is 0. Each command is- 
sued to the Am9511A requests post execution service based 
upon the state of bit 7 in the command byte. When bit 7 is a 
0, SVREQ remains low. 
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COMMAND SUMMARY 


Command Code Command 


Tets[«]s[2[ +] 0] mnemonic 


~oOo—- & 


Command Description 


Add TOS to NOS. Result to NOS. Pop Stack. 

Subtract TOS from NOS. Result to NOS. Pop Stack. 

Multiply NOS by TOS. Lower half of result to NOS. Pop Stack. 
Multiply NOS by TOS. Upper half of result to NOS. Pop Stack. 
Divide NOS by TOS. Result to NOS. Pop Stack. 


FIXED-POINT 32-BIT 


Add TOS to NOS. Result to NOS. Pop Stack. 

Subtract TOS from NOS. Result to NOS. Pop Stack. 

Multiply NOS by TOS. Lower half of result to NOS. Pop Stack. 
Multiply NOS by TOS. Upper half of result to NOS. Pop Stack. 
Divide NOS by TOS. Result to NOS. Pop Stack. 


FLOATING-POINT 32-BiT 


Add TOS to NOS. Result to NOS. Pop Stack. 
Subtract TOS from NOS. Result to NOS. Pop Stack. 
Multiply NOS by TOS. Result to NOS. Pop Stack. 
Divide NOS by TOS. Result to NOS. Pop Stack. 


DERIVED FLOATING-POINT FUNCTIONS 


0 0 0 0 0 0 1 
0 0 0 0 0 1 0 
0 0 0 0 0 1 1 
0 0 0 0 1 0 0 
0 0 0 0 1 0 1 
0 0 0 0 1 1 0 
0 0 0 0 1 1 1 
0 0 0 1 0 0 0 
0 0 0 1 0 0 1 
0 0 0 1 0 1 0 
0 0 0 1 0 1 1 


Square Root of TOS. Result in TOS. 

Sine of TOS. Result in TOS. 

Cosine of TOS. Result in TOS. 

Tangent of TOS. Result in TOS. 

Inverse Sine of TOS. Result in TOS. 

Inverse Cosine of TOS. Result in TOS. 

Inverse Tangent of TOS. Result in TOS. 

Common Logarithm (base 10) of TOS. Result in TOS. 
Natural Logarithm (base e) of TOS. Result in TOS. 
Exponential (e*) of TOS. Result in TOS. 

NOS raised to the power in TOS. Result in NOS. Pop Stack. 


DATA MANIPULATION COMMANDS 


[200+-00-00-00=-cC00000 
CO-=-04240-=0-2-=-00000 
— oo om ssa 
m=se4444 un 9QDdCdDDDO4a 44380 
=900000==-23200000=+0 
Omw~ns mw OOOn8=42 43 0C0O0-0=-0 


oooococooeoo +--+ t+4 a a ae ee HA © 


NOTES: 


1. 
2. 


TOS means Top of Stack. NOS means Next on Stack. 
AMD Application Brief ‘Algorithm Details for the Am9511A 
APU” provides detailed descriptions of each command func- 
tion, including data ranges, accuracies, stack configurations, 
etc. 

Many commands destroy one stack location (bottom of 
stack) during development of the result. The derived func- 
tions may destroy several stack locations. See Application 
Brief for details. | 
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No Operation 

Convert TOS from floating point to 16-bit fixed point format. 
Convert TOS from floating point to 32-bit fixed point format. 
Convert TOS from 16-bit fixed point to floating point format. 
Convert TOS from 32-bit fixed point to floating point format. 
Change sign of 16-bit fixed point operand on TOS. 

Change sign of 32-bit fixed point operand on TOS. 

Change sign of floating point operand on TOS. 

Push 16-bit fixed point operand on TOS to NOS (Copy) 

Push 32-bit fixed point operand on TOS to NOS. (Copy) 

Push floating point operand’on TOS to NOS. (Copy) 

Pop 16-bit fixed point operand from TOS. NOS becomes TOS. 
Pop 32-bit fixed point operand from TOS. NOS becomes TOS. 
Pop floating point operand from TOS. NOS becomes TOS. 
Exchange 16-bit fixed point operands TOS and NOS. 
Exchange 32-bit fixed point operands TOS and NOS. 
Exchange floating point operands TOS and NOS. 

Push floating point constant “7” onto TOS. Previous TOS becomes NOS. 





. The trigonometric functions handle angles in radians, not 


degrees. 


. No remainder is available for the fixed-point divide functions. 
. Results will be undefined for any combination of command 


coding bits not specified in this table. 


COMMAND INITIATION 


After properly positioning the required operands on the stack, a 

command may be issued. The procedure for initiating a com- 

mand execution is as follows: 

1. Enter the appropriate command on the DBO-DB7 lines. 

2. Establish HIGH on the C/D input. 

3. Establish LOW on the CS input. 

4. Establish LOW on the WR input after an appropriate set up 
time (see timing diagrams). 7 

5. Sometime after the HIGH to LOW level transition of WR 
input, the PAUSE output will become LOW. After a delay of 
TPPWW, it will go HIGH to acknowledge the write operation. 
The WR input can return to HIGH anytime after PAUSE going 
HIGH. The DBO-DB7, C/D and CS inputs are allowed to 
change after the hold time requirements are satisfied (see 
timing diagram). 








An attempt to issue a new command while the current command 
execution is in progress is allowed. Under these circumstances, 
the PAUSE output will not go HIGH until the current command 
execution is completed. 


OPERAND ENTRY 


The Am9511A commands operate on the operands located at 
the TOS and NOS and results are returned to the stack at NOS 
and then popped to TOS. The operands required for the 
Am9511A are one of three formats — single precision fixed-point 
(2 bytes), double precision fixed-point (4 bytes) or floating-point 
(4 bytes). The result of an operation has the same format as the 
operands except for float to fix or fix to float commands. 


Operands are always entered into the stack least significant byte 
first and most significant byte last. The following procedure must 
be followed to enter operands onto the stack: 


1. The lower significant operand byte is established on the 
DBO-DB7 lines. 

2. ALOWis established on the C/D input to specify that data is 

to be entered into the stack. 

. The CS input is made LOW. 

4. After appropriate set up time (see timing diagrams), the WR 
input is made LOW. The PAUSE output will become LOW. 

5. Sometime after this event, the PAUSE will return HIGH to 
indicate that the write operation has been acknowledged. 

6. Anytime after the PAUSE output goes HIGH the WR input 
can be made HIGH. The DBO-DB7, C/D and CS inputs can 
change after appropriate hold time requirements are satisfied 
(see timing diagrams). 


Se) 











The above procedure must be repeated until all bytes of the 
operand are pushed into the stack. It should be noted that for 
single precision fixed-point operands 2 bytes should be pushed 
and 4 bytes must be pushed for double precision fixed-point or 
floating-point. Not pushing all the bytes of a quantity will result in 
byte pointer misalignment. 


The Am9511A stack can accommodate 8 single precision 
fixed-point quantities or 4 double precision fixed-point or float- 
ing-point quantities. Pushing more quantities than the capacity 
of the stack will result in loss of data which is usual with any 
LIFO stack. 


DATA REMOVAL 


Result from an operation will be available at the TOS. Results 
can be transferred from the stack to the data bus by reading the 
stack. When the stack is popped for results, the most significant 
byte is available first and the least significant byte last. A result is 
always of the same precision as the operands that produced it 
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except for format conversion commands. Thus when the result 
is taken from the stack, the total number of bytes popped out 
should be appropriate with the precision — single precision re- 
sults are 2 bytes and double precision and floating-point results 
are 4 bytes. The following procedure must be used for reading 
the result from the stack: 


1. A LOW is established on the C/D input. 

2. The CS input is made LOW. 

3. After appropriate set up time (see timing diagrams), the RD 
input is made LOW. The PAUSE will become LOW. 

4. Sometime after this, PAUSE will return HIGH indicating that 
the data is available on the DBO-DB7 lines. This data will 
remain on the DBO-DB7 lines as long as the RD input re- 
mains LOW. | 

5. Anytime after PAUSE goes HIGH, the RD input can return 
HIGH to comniete transaction. 

6. The CS and C/D inputs can change after appropriate hold 
time requirements are satisfied (See timing diagram). 

7. Repeat this procedure until all bytes appropriate for the pre- 
cision of the result are popped out. 








Reading of the stack does not alter its data; it only adjusts the 
byte pointer. If more data is popped than the capacity of the 
stack, the internal byte pointer will wrap around and older data 
will be read again, consistent with the LIFO stack. 


STATUS READ 


The Am9511A status register can be read without any regard to 
whether a command is in progress or not. The only implication 
that has to be considered is the effect this might have on the 
END output discussed in the signal descriptions. 


The following procedure must be followed to accomplish status 
register reading. 


1. Establish HIGH on the C/D input. 

2. Establish LOW on the CS input. 

3. After appropriate set up time (see timing diagram) RD input is 
made LOW. The PAUSE will become LOW. 

4. Sometime after the HIGH to LOW transition of RD input, the 
PAUSE will become HIGH indicating that status register 
contents are available on the DBO-DB7 lines. The status data 
will remain on DBO-DB7 as long as RD input is LOW. 

5. The RD input can be returned HIGH anytime after PAUSE 
goes HIGH. 

6. The C/D input and CS input can change after satisfying ap- 
propriate hold time requirements (see timing diagram). 








DATA FORMATS 


The Am9511A Arithmetic Processing Unit handles operands in 
both fixed-point and floating-point formats. Fixed-point operands 
may be represented in either single (16-bit operands) or double 
precision (32-bit operands), and are always represented as 
binary, two’s complement values. 


16-BIT FIXED-POINT FORMAT 


Ss 





VALUE 





15 0 
(MSB) 


32-BIT FIXED-POINT FORMAT 


| $ >< VALUE | 


31 0 
(MSB) 
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The sign (positive or negative) of the operand is located in the 
most significant bit (MSB). Positive values are represented by 
a sign bit of zero (S = 0). Negative values are represented by 
the two’s complement of the corresponding positive value with 
a sign bit equal to 1 (S = 1). The range of values that may be 
accommodated by each of these formats is —32,768 to 
+32,767 for single precision and -—2,147,483,648 to 
+2,147,483,647 for double precision. 


Floating point binary values are represented in a format that 
permits arithmetic to be performed in a fashion analogous to 
operations with decimal values expressed in scientific nota- 
tion. 


(5.83 x 107)(8.16 x 10") = (4.75728 x 10*) 


In the decimal system, data may be expressed as values be- 
tween 0 and 10 times 10 raised to a power that effectively 
shifts the implied decimal point right or left the number of 
places necessary to express the result in conventional form 
(e.g., 47,572.8). The value-portion of the data is called the 
mantissa. The exponent may be either negative or positive. 


The concept of floating point notation has both a gain and a 
loss associated with it. The gain is the ability to represent the 
significant digits of data with values spanning a large dynamic 
range limited only by the capacity of the exponent field. For 
example, in decimal notation if the exponent field is two digits 
wide, and the mantissa is five digits, a range of values (posi- 
tive or negative) from 1.0000 x 10799 to 9.9999 x 10*%° can 
be accommodated. The loss is that only the significant digits 
of the value can be represented. Thus there is no distinction 
in this representation between the values 123451 and 
123452, for example, since each would be expressed 
as: 1.2345 x 10°. The sixth digit has been discarded. In most 
applications where the dynamic range of values to be rep- 
resented is large, the loss of significance, and hence accuracy 
of results, is a minor consideration. For greater precision a 
fixed point format could be chosen, although with a loss of po- 
tential dynamic range. 


The Am9511 is a binary arithmetic processor and requires 
that floating point data be represented by a fractional man- 
tissa value between .5 and 1 multiplied by 2 raised to an ap- 
propriate power. This is expressed as follows: 


value = mantissa x 2©xPonent 


For example, the value 100.5 expressed in this form is 
0.11001001 x 2’. The decimal equivalent of this value may be 
computed by summing the components (powers of two) of the 
mantissa and then multiplying by the exponent as shown be- 
low: 


value = (2-' + 2-2 + 275 + 278) x 27 

(0.5 + 0.25 + 0.03125 + 0.00290625) x 128 
0.78515625 x 128 

100.5 
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FLOATING POINT FORMAT 


The format for floating-point values in the Am9511A is given 
below. The mantissa is expressed as a 24-bit (fractional) value; 
the exponent is expressed as an unbiased two's complement 
7-bit value having a range of —64 to +63. The most significant 
bit is the sign of the mantissa (0 = positive, 1 = negative), for a 
total of 32 bits. The binary point is assumed to be to the left of 
the most significant mantissa bit (bit 23). All floating-point data 
values must be normalized. Bit 23 must be equal to 1, except for 
the value zero, which is represented by all zeros. 


is EXPONENT MANTISSA 
ls E | | 
$|s 


3130 24 23 0 





The range of values that can be represented in this format is 
+(2.7 x 107*° to 9.2 x 10'8) and zero. 


STATUS REGISTER 


The Am9511A contains an eight bit status register with the fol- 
lowing bit assignments: 


BUSY sien | zeR0 ERROR CODE CARRY 
7 6 5 


4 3 2 1 0 


BUSY: Indicates that Am9511A is currently executing a com- 
mand (1 = Busy). 

SIGN: _ Indicates that the value on the top of stack is negative 
(1 = Negative). 

ZERO: Indicates that the value on the top of stack is zero 


(1 = Value is zero). 
ERROR This field contains an indication of the validity of the 
CODE: result of the last operation. The error codes are: 
0000 — No error 
1000 — Divide by zero 
0100 — Square root or log of negative number 
1100 — Argument of inverse sine, cosine, or e* too 
large 
XX10 — Underflow 
XX01 -— Overflow 
CARRY: Previous operation resulted in carry or borrow from 
most significant bit. (1 = Carry/Borrow, 0 = No 
Carry/No Borrow) 


lf the BUSY bit in the status register is a one, the other status 
bits are not defined; if zero, indicating not busy, the operation is 
complete and the other status bits are defined as given above. 
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Table 1. 


Command Hex Code | Hex Code Execution Summary 
Mnemonic (sr = 1) (sr = 0) Cycles Description 


16-BIT FIXED-POINT OPERATIONS 


EC 6C Add TOS to NOS. Result to NOS. Pop Stack. 
ED 6D Subtract TOS from NOS. Result to NOS. Pop Stack. 
EE 6E Multiply NOS by TOS. Lower result to NOS. Pop Stack. 


F6 76 Multiply NOS by TOS. Upper result to NOS. Pop Stack. 
EF 6F Divide NOS by TOS. Result to NOS. Pop Stack. 


32-BiT FIXED-POINT OPERATIONS 


DADD 20-22 Add TOS to NOS. Result 10 NOS. Pop Stack. 

OSUB 38-40 Subtract TOS from NOS. Result to NOS. Pop Stack. 
194-210 

DMUU 182-218 Multiply NOS by TOS. Upper result to NOS. Pop Stack. 
DDIV 196-210 Divide NOS by TOS. Result to NOS. Pop Stack. 











54-368 Add TOS to NOS. Result to NOS. Pop Stack. 
70-370 Subtract TOS from NOS. Result to NOS. Pop Stack. 
146-168 Multiply NOS by TOS. Result to NOS. Pop Stack. 
154-184 Divide NOS by TOS. Result to NOS. Pop Stack. 


32-BIT FLOATING-POINT DERIVED OPERATIONS 


782-870 Square Root of TOS. Result to TOS. 
3796-4808 Sine of TOS. Result to TOS. 
3840-4878 Cosine of TOS. Result to TOS. 
4894-5886 Tangent of TOS. Result to TOS. 
6230-7938 Inverse Sine of TOS. Result to TOS. 
6304-8284 Inverse Cosine of TOS. Result to TOS. 
4992-6536 Inverse Tangent of TOS. Result to TOS. 

4474-7132 Common Logarithm of TOS. Result to TOS. 

4298-6956 Natural Logarithm of TOS. Result to TOS. 

3794-4878 | e raised to power in TOS. Result to TOS. 

8290-12032 NOS raised to power in TOS. Result to NOS. Pop Stack. 


DATA AND STACK MANIPULATION OPERATIONS 
No Operation. Clear or set SVREQ. 






























Convert TOS from floating point format to fixed point format. 


Convert TOS from fixed point format to floating point format. 


Change sign of fixed point operand on TOS. 


Change sign of floating point operand on TOS. 


Push stack. Duplicate NOS in TOS. 


Pop stack. Old NOS becomes new TOS. Old TOS rotates to bottom. 


Exchange TOS and NOS. 


Push floating point constant 7 onto TOS. Previous TOS becomes NOS. 
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COMMAND DESCRIPTIONS 


This section contains detailed descriptions of the APU com- 
mands. They are arranged in alphabetical order by command 
mnemonic. In.the descriptions, TOS means Top Of Stack and 
NOS means Next On Stack. 


All derived functions except Square Root use Chebyshev 
polynomial approximating algorithms. This approach is used 
to help minimize the internal microprogram, to minimize the 
maximum error values and to provide a relatively even dis- 
tribution of errors over the data range. The basic arithmetic 
operations are used by the derived functions to compute the 
various Chebyshev terms. The basic operations may produce 
error codes in the status register as a result. 


Execution times are listed in terms of clock cycles and may 
be converted into time values by multiplying by the clock 
period used. For example, an execution time of 44 clock cy- 


cles when running at a 3MHz rate translates to 14 micro- 
seconds (44 x 32us.= 14ys)}. Variations in execution cycles 
reflect the data dependency of the algorithms. 


In some operations exponent overflow or underflow may be 
possible. When this occurs, the exponent returned in the re- 
sult will be 128 greater or smaller than its true value. 


Many of the functions use portions of the data stack as 
scratch storage during development of the results. Thus pre- 
vious values in those stack locations will be lost. Scratch loca- 
tions destroyed are listed in the command descriptions and 
shown with the crossed-out locations in the Stack Contents 
After diagram. 


Table 1 is a summary of all the Am9511A commands. It shows 
the hex codes for each command, the mnemonic abbreviation, a 
brief description and the execution time in clock cycles. The 
commands are grouped by functional classes. 


The command mnemonics in alphabetical order are shown 
below in Table 2. 


Table 2. 
Command Mnemonics in Alphabetical Order. 


ACOS ARCCOSINE 

ASIN ARCSINE 

ATAN ARCTANGENT 

CHSD CHANGE SIGN DOUBLE 
CHSF CHANGE SIGN FLOATING 
CHSS CHANGE SIGN SINGLE 
COS COSINE 

DADD DOUBLE ADD 

DDIV DOUBLE DIVIDE 

DMUL DOUBLE MULTIPLY LOWER 
DMUU DOUBLE MULTIPLY UPPER 
DSUB DOUBLE SUBTRACT 

EXP EXPONENTIATION (e”) 
FADD FLOATING ADD 

FDIV FLOATING DIVIDE 

FIXD FIX DOUBLE 

FIXS FIX SINGLE 

FLTD FLOAT DOUBLE 

FLTS FLOAT SINGLE 

FMUL FLOATING MULTIPLY 
FSUB FLOATING SUBTRACT 
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LOG COMMON LOGARITHM 

LN NATURAL LOGARITHM 
NOP NO OPERATION 

POPD POP STACK DOUBLE 
POPF POP STACK FLOATING 
POPS POP STACK SINGLE 
PTOD PUSH STACK DOUBLE 
PTOF PUSH STACK FLOATING 
PTOS PUSH STACK SINGLE 
PUPI PUSH 7 

PWR POWER (X*) 

SADD SINGLE ADD 

SDIV SINGLE DIVIDE 

SIN SINE 

SMUL SINGLE MULTIPLY LOWER 
SMUU SINGLE MULTIPLY UPPER 
SQRT SQUARE ROOT 

SSUB SINGLE SUBTRACT 


TAN TANGENT 


XCHD EXCHANGE OPERANDS DOUBLE 
XCHF EXCHANGE OPERANDS FLOATING 
XCHS EXCHANGE OPERANDS SINGLE 


ACOS 


32-BIT FLOATING-POINT INVERSE COSINE 


rf 6 5 4 3 2 1 0 
pinary coding: [s[ oo] o[o]1]1] 0 


Hex Coding: 86 with sr = 1 

06 with sr = 0 
Execution Time: 6304 to 8284 clock cycles 
Description: 


The 32-bit floating-point operand A at the TOS is replaced by the 
32-bit floating-point inverse cosine of A. The result R is a value in 
radians between 0 and z. Initial operands A, B, C and D are lost. 
ACOS wiil accept ail input data values witnin tne range of — 1.0 to 
+1.0. Values outside this range will return an error code of 1100 
in the status register. 

Accuracy: ACOS exhibits a maximum relative error of 2.0 x 

10~’ over the valid input data range. 
Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 


ea a 


ASIN 


32-BIT FLOATING-POINT INVERSE SINE 


| 7 6 5 4 3 2 1 0 
Binary Coding: | sr | 0 | 0 | 0 | 0 | 1 | 0 | 1 | 


Hex Coding: 85 with sr = 

05 with sr = 0 
Execution Time: 6230 to 7938 clock cycles 
Description: 


The 32-bit floating-point operand A at the TOS is replaced by the 

32-bit floating-point inverse sine of A. The result R is a value in 

radians between — 7/2 and +77/2. Initial operands A, B, C and D 

are lost. 

ASIN will accept all input data values within the range of — 1.0 to 

+1.0. Values outside this range will return an error code of 1100 

in the status register. 

Accuracy: ASIN exhibits a maximum relative error of 4.0 x 
10~’ over the valid input data range. 

Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 


= mecha ee 
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ATAN 


32-BIT FLOATING-POINT 


INVERSE TANGENT 
7 6 5 4 3 2 1 0 
pinary Coding: [| 0] of ol ol+]+]1. 
Hex Coding: 87 with sr = 1 
07 with sr = 0 
Execution Time: 4992 to 6536 clock cycles 
Description: 


The 32-bit floating-point operand A at the TOS is replaced by the 

32-bit floating-point inverse tangent of A. The result R is a value in 

radians between —7/2 and +7/2. Initialoperands A, C and D are 

lost. Operand B is unchanged. 

ATAN will accept all input data values that can be represented in 

the floating point format. 

Accuracy: ATAN exhibits a maximum relative error of 3.0 x 
107” over the input data range. 

Status Affected: Sign, Zero 


STACK CONTENTS 
BEFORE AFTER 


=3)/= : == 


CHSD 


32-BIT FIXED-POINT SIGN CHANGE 


7 6 5 4 3 2 1 0 
pinary Coding: [10 [1] +] 0] 1] 0] 0 





Hex Coding: B64 withsr = 1 

34 with sr = 0 
Execution Time: 26 to 28 clock cycles 
Description: 


The 32-bit fixed-point two's complement integer operand A at 
the TOS is subtracted from zero. The result R replaces A at 
the TOS. Other entries in the stack are not disturbed. 
Overflow status will be set and the TOS will be returned un- 
changed when A is input as the most negative value possible 
in the format since no positive equivalent exists. 


Status Affected: Sign, Zero, Error Field (overflow) 


STACK CONTENTS 
BEFORE AFTER 


4s ae 
D 
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CHSF 


32-BIT FLOATING-POINT SIGN CHANGE 


7 6 5 4 3 2 1 0 
Binary Coding: sr | ol] o] 1 | 0 0 
Hex Coding: 95 with sr = 1 
15 with sr = 0 


Execution Time: 
Description: 
The sign of the mantissa of the 32-bit floating-point operand A at 
the TOS is inverted. The result R replaces A at the TOS. Other 
stack entries are unchanged. 

If A is input as zero (mantissa MSB = 0), no nanGen is made. 
Status Affected: Sign, Zero OF . 


16 to 20 clock cycles 


STACK CONTENTS 
BEFORE AFTER 


== : == 


——_—_—_— 39 ——___» |~———_—. 39 ar) 


CHSS 


16-BIT FIXED-POINT SIGN CHANGE 


Binary Coding: ExReRRREKSES ES 


Hex Coding: F4 with sr = 1 

74 with sr = 0 
Execution Time: 22 to 24 clock cycles 
Description: 


16-bit fixed-point two’s complement integer operand A at the TOS 
is subtracted from zero. The result R replaces A at the TOS. All 
other operands are unchanged. 

Overflow status will be set and the TOS will be returned un- 
changed when A is input as the most negative value possible in 
the format since no positive equivalent exists. 

Status Affected: Sign, Zero, Overflow 


STACK CONTENTS 


BEFORE 
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COS 


32-BIT FLOATING-POINT COSINE 


Binary Coding: | sr Teto[eTeteTi t+] 


Hex Coding: 83 withsr = 1 

03 with sr = 0 
Execution Time: 3840 to 4878 clock cycles 
Description: 


The 32-bit floating-point operand A at the TOS is replaced by 
R, the 32-bit floating-point cosine of A. A is assumed to be in 
radians. Operands A, C and D are lost. B is unchanged. . 
The COS function can accept any input data value that can 
be represented in the data format. All input values are range 
reduced to fall within an interval of —7/2 to +7/2 radians. 
Accuracy: COS exhibits a maximum relative error of 5.0 x. 

10°’ for all input data values in the range of —27. 

to +27 radians. : | 
Status Affected: Sign, Zero 


STACK CONTENTS 
BEFORE AFTER 


==) : == 


DADD 


32-BIT FIXED-POINT ADD 


7 


Binary Coding: | sr CARE CUERREEIEE 


Hex Coding: ACwithsr = 1 

2C with sr = 0 
Execution Time: 20 to 22 clock cycles 
Description: 
The 32-bit fixed-point two's complement integer ey Aatthe 
TOS is added to the 32-bit fixed-point two's complement integer 
operand B at the NOS. The result R replaces operand B and the 
Stack is moved up so that R occupies the TOS. Operand B is lost. 
Operands A, C and D are unchanged. If the addition genetales a 
carry it is reported in the status register. . 
If the result is too large to be represented by the data format, the 
least significant 32 bits of the result @ are ene ers and overflow 
status is reported. 
Status Affected: Sign, Fare. Carry, Error Field 


STACK CONTENTS 





BEFORE AFTER 
a 10s —~ 
Pe ae! C 
a 
en a 





DDIV 


32-BIT FIXED-POINT DIVIDE 


7 6 5 4 3 2 1 0 
Hex Coding: AF with sr = 1 
2F with sr = 0 


Execution Time: 196 to 210 clock cycles when A # 0 

18 clock cycles when A = 0. 
Description: 
The 32-bit fixed-point two’s complement integer operand B at 
NOS is divided by the 32-bit fixed-point two's complement in- 
teger operand A at the TOS. The 32-bit integer quotient FR re- 
places B and the stack is moved up so that R occupies the 
TOS. No remainder is generated. Operands A and B are lost. 
Operands C and D are unchanged. 
If A is zero, R is set equal to B and the divide-by-zero error 
status will be reported. If either A or B is the most negative 
value possible in the format, R will be meaningless and the 
overflow error status will be reported. 
Status Affected: Sign, Zero, Error Field 


STACK CONTENT 
BEFORE ° AFTER 


== : == 


| <_—__—. 32 —___—_+| 


DMUL 


32-BIT FIXED-POINT MULTIPLY, LOWER 


7 6 5 4 3 2 1 0 
Binary Coding:| sr | 0 | + | o | 1 | 4 | 1 | 0 | 


Hex Coding: AE withsr = 1 

2E with sr = 0 
Execution Time: 194 to 210 clock cycles 
Description: 


The 32-bit fixed-point two's complement integer operand A at the 
TOS is multiplied by the 32-bit fixed-point two’s complement in- 
teger operand B at the NOS. The 32-bit least significant half of the 
product R replaces B and the stack is moved up so that R oc- 
cupies the TOS. The most significant half of the product is lost. 
Operands A and B are lost. Operands C and D are unchanged. 
The overflow status bit is set if the discarded upper half was 
non-zero. If either A or B is the most negative value that can 
be represented in the format, that value is returned as R and 
the overflow status is set. 

Status Affected: Sign, Zero, Overflow 


erent = STACK CONTENTS Sr 


|————— 3 32 ed 
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DMUU 


32-BIT FIXED-POINT MULTIPLY, UPPER 


7 6 5 4 3 2 1 0 
pinary Coding: [0 [1] 1]o[ 1] +] 0 


Hex Coding: Bé6 with sr = 

36 with sr = 0 
Execution Time: 182 to 218 clock cycles 
Description: 


The 32-bit fixed-point two's dempleinenl integer operand A at 
the TOS is multiplied by the 32-bit fixed-point two's comple- 
ment integer operand B at the NOS. The 32-bit most signifi- 
cant half of the product R replaces B and the stack is moved 
up so that R occupies the TOS. The least significant half of 
the product is lost. Operands A and B are lost. Operands C 
and D are unchanged. 

lf A or B was the most negative value possible in the format, 
overflow status is set and R is meaningless. 

Status Affected: Sign, Zero, Overtlow 


BEFORE STACK CONTENTS a 


a ay ee a 


DSUB 


32-BIT FIXED-POINT SUBTRACT 


7 6 5 4 3 2 1 0 
sinary coains: [s [o [+ [oT s [sols 
Hex Coding: AD with sr = 1 

2D with sr = 0 


Execution Time: 38 to 40 clock cycles 

Description: 

The 32-bit fixed-point two’s complement operand A at the 
TOS is subtracted from the 32-bit fixed-point two’s comple- 
ment operand B at the NOS. The difference R replaces 
operand B and the stack is moved up so that R occupies the 
TOS. Operand B is lost. Operands A, C and D are un- 
changed. 

If the subtraction generates a borrow it is reported in the carry 
status bit. If A is the most negative value that can be rep- 
resented in the format the overflow status is set. If the result 
cannot be represented in the data format range, the overflow 
bit is set and the 32 least significant bits of the result are re- 
turned as R. 

Status Affected: Sign, Zero, Carry, Overflow 


BEFORE STACK CONTENTS AFTER 


=| —— : == 
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EXP 


32-BIT FLOATING-POINT e* 


4 6 5 4 | 2 1 0 
Hex Coding: S8Awith sr = 
OA with sr = 0 
Execution Time: 3794 to 4878 clock cycles for IA] < 


34 clock cycles for IAl > 1.0 x 2° 


1.0x2° 


Description: 

The base of natural logarithms, e, is raised to an exponent value 

specified by the 32-bit floating-point operand A at the TOS. The 

result R of e” replaces A. Operands A, C and D are lost. Operand 

B is unchanged. 

EXP accepts all input data values within the range of —1.0 x 27° 

to +1.0x27*>. Input values outside this range will return a code of 

1100 in the error field of the status register. _ 

Accuracy: EXP exhibits a maximum relative error of 5.0 x 
10” over the valid input data range. 

Status Affected: Sign, Zero, Error Field 


TACK 
BEFORE Spe ENTS AFTER 


A —— TOS ——— R 
a: a ee 

C | 

D | a 
|-~—__—— 39 —___-»| |~—_—— 39 ———__+| 


FADD 


32-BIT FLOATING-POINT ADD 


7 6 5 4 3 2 1 0 
sinay cosa: [= [To [+ [o[ololo 
Hex Coding: 90 with sr = | 
10 with sr = 0 


Execution Time: 54 to 368 clock cycles for A # 0 

24 clock cycles for A = 0 
Description: 
32-bit floating-point operand A at the TOS is added to 32-bit 
floating-point operand B at the NOS. The result R replaces B and 
the stack is moved up so that R occupies the TOS. Operands A 
and B are lost. Operands C and D are unchanged. 
Exponent alignment before the addition and normalization of the 
result accounts for the variation in execution time. Exponent 
overflow and underflow are reported in the status register, in 
which case the mantissa is correct and the exponent is offset by 
128. 
Status Affected: Sign, Zero, Error Field 


BEFORE STACK CONTENTS AFTER 


== : == 


FDIV 


32-BIT FLOATING-POINT DIVIDE 


7 6 5 4 3 2 1 0 
cary cones: [To ToT Topo 
Hex Coding: 93 with sr = 

13 with sr = 0 


Execution Time: 154 to 184 clock cycles for A # 0 

22 clock cycles for A = 0 
Description: 
32-bit floating-point operand B at NOS is divided by 32-bit 
floating-point operand A at the TOS. The result R replaces B and 
the stack is moved up so that R occupies the TOS. Operands A 
and B are lost. Operands C and D are unchanged. 
If operand A is zero, R is set equal to B and the divide-by-zero 
error is reported in the status register. Exponent overflow or 
underflow is reported in the status register, in which case the 
mantissa portion of the result is correct and the exponent portion 
is offset by 128. 
Status Affected: Sign, Zero, Error Field 


BEFORE STACK CONTENTS AFTER 


= : =— 


FIXD 


32-BIT FLOATING-POINT TO 
32-BIT FIXED-POINT CONVERSION 


7 © 5. a Soe a 6 
Binary Coding: | sr | 0 | 0 | 1 | 1] 1 | 1 | 0 | 


Hex Coding: 9E with sr = 1 

1E with sr = 0 
Execution Time: 90 to 336 clock cycles 
Description: 


32-bit floating-point operand A at the TOS is converted to a 
32-bit fixed-point two's complement integer. The result RF re- 
places A. Operands A and D are lost. Operands B and C are 
unchanged. 

If the integer portion of A is larger than 31 bits when con- 
verted, the overflow status will be set and A will not be 
changed. Operand D, however, will still be lost. 

Status Affected: Sign, Zero Overflow 


BEFORE STACK CONTENTS AFTER 


== : == 
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FIXS 


32-BIT FLOATING-POINT TO 
16-BIT FIXED-POINT CONVERSION 


7 6 5 4 3 2 1 0 
Binary Coding: [sr | o | 0 | 1 11 | 1 
Hex Coding: 9F withsr = 1 
1F with sr = 0 
Execution Time: 90 to 214 clock cycles 
Description: 


32-bit floating-point operand A at the TOS is converted to a 
16-bit fixed-point two's complement integer. The result R re- 
places the lower half of A and the stack is moved up by two 
bytes so that R occupies the TOS. Operands A and D are 
lost. Operands B and C are unchanged, but appear as upper 
(u) and lower (ly) halves on the 16-bit wide stack if they are 
32-bit operands. 

If the integer portion of A is larger than 15 bits when con- 
verted, the overflow status will be set and A will not be 
changed. Operand D, however, will still be lost. 

Status Affected: Sign, Zero, Overflow 


BEFORE STACK CONTENTS 


A ——_—. TOS ——___ 
D 


~~ 32-—___»| 


AFTER 





rDNNelt ee 


FLTD 


32-BIT FIXED-POINT TO 
32-BIT FLOATING-POINT CONVERSION 


vA 6 5 4 3 2 1 0 
pinary coding: [er] 0] o[1]1]1] 0] 0 


Hex Coding: 9Cwithsr = 1 

1C with sr = 0 
Execution Time: 56 to 342 clock cycles 
Description: 


32-bit fixed-point two’s complement integer operand A at the TOS 
is converted to a 32-bit floating-point number. The result R re- 
‘places A at the TOS. Operands A and D are lost. Operands Band 
C are unchanged. } 
Status Affected: Sign, Zero 


BEFORE STACK CONTENTS AFTER 


[a tos 
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FLTS 


16-BIT FIXED-POINT TO 
32-BIT FLOATING-POINT CONVERSION 


7 6 5 4 3 2 1 40 
Binary Coding: | sr | 0 | 0 | 1 | 1 | 1 | 0 | 1 | 


Hex Coding: 9Dwithsr = 1 

1D with sr = 0 
Execution Time: 62 to 156 clock cycles 
Description: 3 


16-bit fixed-point two’s complement integer A at the TOS is 
converted to a 32-bit floating-point number. The lower half of the 
result R (RI) replaces A, the upper half (Ru) repiaces H and the 
stack is moved down so that Ru occupies the TOS. Operands A, 
F, G and H are lost. Operands B, C, D and E are unchanged. 
Status Affected: Sign, Zero 


STACK CONTENTS 


BEFORE AFTER 





FMUL 


32-BIT FLOATING-POINT 


MULTIPLY 
7 6 S 4 3 2 1 0 
Binary Coding: [sr | 0 [o]1]o[o|+]o 
Hex Coding: 92 withsr = 1 
12 with sr = 0 
Execution Time: 146 to 168 clock cycles 
Description: 


32-bit floating-point operand A at the TOS is multiplied by the 
32-bit floating-point operand B at the NOS. The normalized result 
R replaces B and the stack is moved up so that R occupies the 
TOS. Operands A and B are lost. Operands C and D are un- 
changed. 

Exponent overflow or underflow is reported in the status register, 
in which case the mantissa portion of the result is correct and the 
exponent portion is offset by 128. 

Status Affected: Sign, Zero, Error Field 


BEFORE STACK CONTENTS AFTER 
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FSUB 


32-BIT FLOATING-POINT SUBTRACTION 


7 6 5 4 3 2 1 0 


Binary Coding: o{o]1]|o 0 


Hex Coding: 91 with sr = 1 

11 with sr = 0 
Execution Time: 70 to 370 clock cycles for A # 0 

26 clock cycles for A = 0 

Description: 
32-bit floating-point operand A at the TOS is subtracted from 
32-bit floating-point operand B at the NOS. The normalized 
difference R replaces B and the stack is moved up so that R 
occupies the TOS. Operands A and B are lost. Operands C 
and D are unchanged. 
Exponent alignment before the subtraction and normalization 
of the result account for the variation in execution time. 
Exponent overflow or underflow is reported in the status regis- 
ter in which case the mantissa portion of the result is correct 
and the exponent portion is offset by 128. 
Status Affected: Sign, Zero, Error Field (overflow) 


BEFORE STACKCONTENTS = acter 


aaa cea ase 
ae ee 
ee 
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a ae ee el 


LOG 


32-BIT FLOATING-POINT 
COMMON LOGARITHM 


2 1 0 
Binary Coding: lsr | o | o | o | 1 | 0 | of o| 


Hex Coding: 88 withsr = 1 
08 with sr = 0 
Execution Time: 4474 to 7132 clock cycles for A > 0 
20 clock cycles for A < 0 

Description: 

The 32-bit floating-point operand A at the TOS is replaced by R, 

the 32-bit floating-point common logarithm (base 10) of A. 

Operands A, C and D are lost. Operand B is unchanged. 

The LOG function accepts any positive input data value that can 

be represented by the data format. If LOG of a non-positive value 

is attempted an error status of 0100 is returned. 

Accuracy: LOG exhibits a maximum absolute error of 2.0x 107’ 
for the input range from 0.1 to 10, and a maximum 
relative error of 2.0 x 10°’ for positive values less 
than 0.1 or greater than 10. 

Status Affected: Sign, Zero, Error Field 


Naar STACK CONTENTS ial saa 


| <—_____ a ee 
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LN 


32-BIT FLOATING-POINT 
NATURAL LOGARITHM 


1 


rg 6 5 4 3 2 0 
Binary Coaing: [sr | 0] 0] 011] 0 [0 
Hex Coding: 89 with sr = 1 
09 with sr = 
Execution Time: 4298 to 6956 clock cycles for A > 0 
20 clock cycles for A= 0 
Description: 
The 32-bit floating-point operand A at the TOS is replaced by 
R, the 32-bit floating-point natural logarithm (base e) of A. 
Operands A, C and D are lost. Operand B is unchanged. 
The LN function accepts all positive input data values that can 
be represented by the data format. If LN of a non-positive 
number is attempted an error status of 0100 is returned. 
Accuracy: LN exhibits a maximum absolute error of 2 x 107” 
for the input range from e~' to e, and a maximum 
relative error of 2.0 x 10~” for positive values less 
than e~! or greater than e. 


Status Affected: Sign, Zero, Error Field 


BEFORE STACKCONTENTS arrep 


fice a Oe sae ace 
a a a ae 

C oe eee 
PT 


NOP 


OPERATION 
7 6 5 4 3 2 1 0 
Binary Coding: [s | 0 [o]9]o]o]o]o 
Hex Coding: 80 withsr = 1 
00 with sr = 0 
Execution Time: 4 clock cycles 
Description: 


The NOP command performs no internal data manipulations. It 
may be used to set or clear the service request interface line 
without changing the contents of the stack. 

Status Affected: The status byte is cleared to all zeroes. 


POPD 


32-BIT 
STACK POP 
re 6 5 4 3 2 1 0 

Binary Coding: [sr] 0] +] 11+] 0] Jo] 
Hex Coding: S88 withsr = 1 

38 with sr = 0 
Execution Time: 12 clock cycles 
Description: 


The 32-bit stack is moved up so that the old NOS becomes the 
new TOS. The previous TOS rotates to the bottom of the stack. All 
operand values are unchanged. POPD and POPF execute the 
same operation. | 

Status Affected: Sign, Zero 


STACK CONTENTS 
BEFORE AFTER 


a 08—[ 
oe fe 
a 


Cc 
A 
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POPF 


32-BIT 
STACK POP 
7 6 5 4 3 2 61 0 

Binary Coding: [sr | 0] 0[1]1] 0] 0] 0! 
Hex Coding: 98 with sr = 1 

18 with sr = 0 
Execution Time: 12 clock cycles 
Description: 


The 32-bit stack is moved up so that the old NOS becomes tne 
new TOS. The old TOS rotates to the bottom of the stack. All 
operand values are unchanged. POPF and POPD execute the 
same operation. 

Status Affected: Sign, Zero 


STACK CONTENTS 
BEFORE AFTER 


ee 


Am9511A 


POPS 


16-BIT 
STACK POP 
7 6 5 4 3 2 1 0 
Hex Coding: F8withsr = 1 . 
78 with sr = 0 
Execution Time: 10 clock cycles 
Description: 


The 16-bit stack is moved up so that the old NOS becomes the 
new TOS. The previous TQS rotates to the bottom ofthe stack. All 
operand values are unchanaed. 

Status Affected: Sign, Zero 


STACK CONTENTS 


BEFORE 








PTOD 


PUSH 32-BIT 
TOS ONTO STACK 


7 6 5 4 3 2 1 0 
Binary Coding: | sr | 0 | 1 | 1] 0 | 1/14 4 | 


Hex Coding: 8B7 with sr = 1 

37 with sr = 0 
Execution Time: 20 clock cycles 
Description: 


The 32-bit stack is moved down and the previous TOS is 
copied into the new TOS location. Operand D is lost. All other 
operand values are unchanged. PTOD and PTOF execute the 
same operation. 

Status Affected: Sign, Zero 
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PTOF 


PUSH 32-BIT 
TOS ONTO STACK 


7 6 5 4 3 2 1 0 
sinary cooing: [» [o[0]+]o]+ [+] 


Hex Coding: 97 with sr = 

17 with sr = 0 
Execution Time: 20 clock cycies 
Description: 


The 32-bit stack is moved down and the previous TOS is copied 
into the new TOS location. Operand D is lost. All other operand 
values are unchanged. PTOF and PTOD execute the same op- 
eration. 

Status Affected: Sign, Zero 


STACK CONTENTS 


BEFORE AFTER 
== : == 
———— 32 ——_—+| 


PTOS 


PUSH 16-BIT 
TOS ONTO STACK 


7 6 5 4 38 2 141 0 
Binary Coding: | sr | 1 | 1 | 1 | 0 | 1 | 1] 1 


Hex Coding: F7 with sr = 1 

77 with sr = 0 
Execution Time: 16 clock cycles 
Description: 


The 16-bit stack is moved down and the previous TOS is copied 
into the new TOS location. Operand H is lost and all other 
operand values are unchanged. 

Status Affected: Sign, Zero 


STACK CONTENTS 


BEFORE 


TOS 
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PUPI 


PUSH 32-BIT 
FLOATING-POINT 77 


7 6 5 4 3 2 1 0 
sinary coaing:[s | 0] 0] 1] +] 0] +] 0] 


Hex Coding: 9Awith sr = 

1A with sr = 0 
Execution Time: 16 clock cycles 
Description: 


The 32-bit stack is moved down so that the previous TOS oc- 
cupies the new NOS location. 32-bit floating-point constant 7 is 
entered into the new TOS location. Operand D is lost. Operands 
A, B and C are unchanged. 

Status Affected: Sign, Zero 


STACK CONTENTS 
BEFORE AFTER 


== : == 


PWR 


32:BIT 
FLOATING-POINT X* 


ft 6 JS ee SRT 0 
pinary Coding: [=| oo] o[1|[o[ 1] 1 
Hex Coding: 8Bwithsr = 1 

OB with sr = 0 
Execution Time: 8290 to 12032 clock cycles 
Description: | 


32-bit floating-point operand B at the NOS is raised to the power 
specified by the 32-bit floating-point operand A at the TOS. The 
result R of BA replaces B and iné Siack is Moved up so mat Hi 
occupies the TOS. Operands A, B, and D are lost. Operand C is 
unchanged. 

The PWR function accepts all input data values that can be 
represented in the data format for operand A and all positive 
values for operand B. If operand B is non-positive an error status 
of 0100 will be returned. The EXP and LN functions are used to 
implement PWR using the relationship BA = EXP [A(LN B)]. 
Thus if the term [A(LN B)] is outside the range of —1.0 x 27° to 
+1.0x 2° an error status of 1100 will be returned. Underflow and 
overflow conditions can occur. 


Accuracy: The error performance for PWR is a function of 
the LN and EXP performance as expressed by: 
(Relative Error)pwrl=|(Relative Error)eyp+{A(Absolute 
Error) j| 


The maximum relative error for PWR occurs when 
A is at its maximum value while [A(LN B)] is near 
1.0 x 2° and the EXP error is also at its maxi- 
mum. For most practical applications the relative 
error for PWR will be less than 7.0 x 107” 


Status Affected: Sign, Zero, Error Field 
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SADD 


16-BIT 
FIXED-POINT ADD 


7 6 5 4 3 2 1 «0 
Binary Coding: | sr | 1 | 1 | 0 | 1 | 1 | 0] 0| 


Hex Coding: EC withsr = 1 

6C with sr = 0 
Execution Time: 16 to 18 clock cycles 
Description: 


16-bit fixed-point two's complement integer operand A at the 
TOS is added to 16-bit fixed-point two's complement integer 
operand BD at the NOS. The result R replaces B and the stack 
is moved up so that R occupies the TOS. Operand B is lost. 
All other operands are unchanged. 

If the addition generates a carry bit it is reported in the status 
register. If an overflow occurs it is reported in the status regis- 
ter and the 16 least significant bits of the result are returned. 


Status Affected: Sign, Zero, Carry, Error Field 


STACK CONTENTS 


BEFORE 


TOS 
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SDIV 


16-BIT 
FIXED-POINT DIVIDE 





EF with sr = 1 

6F with sr = 0 

Execution Time: 84 to 94 clock cycles for A ¥ 0 
14 clock cycles for A = 0 


Hex Coding: 


Description: 

16-bit fixed-point two’s complement integer operand B at the 
NOS is divided by 16-bit fixed-point two's complement integer 
operand A at the TOS. The 16-bit integer quotient R replaces B 
and the stack is moved up so that R occupies the TOS. No 
remainder is generated. Operands A and B are lost. All other 
operands are unchanged. 

If A is zero, R will be set equal to B and the divide-by-zero error 
status will be reported. 

Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 
BEFORE . 
TOS 





SIN 


32-BIT 
FLOATING-POINT SINE 


7 6 5 4 3 2 1 0 
Binary Coding: | sr | 0 | 0 | © | 0 | 0 | 1 | 0 


Hex Coding: 82withsr = 1 
02 with sr = O 
Execution Time: 3796 to 4808 clock cycles for |Al > 27! 
radians 
30 clock cycles for |Al < 2° '* radians 
Description: 


The 32-bit floating-point operand A at the TOS is replaced by 

R, the 32-bit floating-point sine of A. A is assumed to be in 

radians. Operands A, C and D are lost. Operand B is un- 

changed. 

The SIN function will accept any input data value that can be 

represented by the data format. All input values are range re- 

duced to fall within the interval —7/2 to +7/2 radians. 

Accuracy: SIN exhibits a maximum relative error of 5.0 x 
10~” for input values in the range of —27 to +27 
radians. 

Status Affected: Sign, Zero 
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SMUL 


16-BIT FIXED-POINT 
MULTIPLY, LOWER 


7 6 5 4 3 2 1. 0 
pinary coding: [s [+ [1 [o [1] +] 1] 0) 


Hex Coding: EE withsr = 1 

6E with sr = 0 
Execution Time: 84 to 94 clock cycles 
Description: 


16-bit fixed-point two’s complement integer operand A atthe TOS 
is multiplied by the 16-bit fixed-point two's complement integer 
operand B at the NOS. The 16-bit least significant naif of the 
product R replaces B and the stack is moved up so that R 
occupies the TOS. The most significant half of the product is lost. 
Operands A and B are lost. All other operands are unchanged. 
The overflow status bit is set if the discarded upper half was 
non-zero. If either A or B is the most negative value that can be 
represented in the format, that value is returned as R and the 
overflow status is set. 

Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 


BEFORE 


TOS 
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SMUU 


16-BIT FIXED-POINT 
MULTIPLY, UPPER 


e 6 2 A- @ BD ‘fF. 6 
Binary Coding: | sr | 1 | 1 | 1 | 0 | 1 {1 |] 0_ 


Hex Coding: F6 with sr = 1 

76 with sr = O 
Execution Time: 80 to 98 clock cycles 
Description: 


16-bit fixed-point two's complement integer operand A at the 
TOS is multiplied by the 16-bit fixed-point two's complement 
integer operand 6 ai the NOS. The 16-bit Most significant Fait 
of the product R replaces B and the stack is moved up so that 
R occupies the TOS. The least significant half of the product 
is lost. Operands A and B are lost. All other operands are un- 
changed. 

If either A or B is the most negative value that can be rep- 
resented in the format, that value is returned as R and the 
overflow status is set. 

Status Affected: Sign, Zero, Error Field 
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BEFORE 
TOS 
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SQRT 


32-BIT FLOATING-POINT SQUARE ROOT 


7 6 5 4 3 2 1 0 
Binary Coding: | sr | 0 | 0 | o | o | o | o | 1 


Hex Coding: 81 with sr = 1 

01 with sr = 0 
Execution Time: 782 to 870 clock cycles 
Description: 


32-bit floating-point operand A at the TOS is replaced by R, the 
32-bit floating-point square root of A. Operands A and D are lost. 
Operands B and C are not changed. 

SQRT will accept any non-negative input data value that can be 
represented by the data format. If A is negative an error code of 
0100 will be returned in the status register. 

Status Affected: Sign, Zero, Error Field 
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i eoibra — a 

a ae ae 
= 

a: ee = 


2——»| | 3 


SSUB 


16-BIT FIXED-POINT SUBTRACT 


7 6 5 4 3 2 1 «0 
Binary Coding:| sr | 1 | 1 | 0] 1 | + | ol 1 


Hex Coding: ED with sr = 1 

6D with sr = 0 
Execution Time: 30 to 32 clock cycles 
Description: 


16-bit fixed-point two’s complement integer operand A at the 
TOS is subtracted from 16-bit fixed-point two's complement in- 
teger operand B at the NOS. The result R replaces B and the 
stack is moved up so that R occupies the TOS. Operand B is 
lost. All other operands are unchanged. 

If the subtraction generates a borrow it is reported in the carry 
status bit. If A is the most negative value that can be rep- 
resented in the format the overflow status is set. If the result 
cannot be represented in the format range, the overflow 
status is set and the 16 least significant bits of the result are 
returned as R. 

Status Affected: Sign, Zero, Carry, Error Field 


STACK CONTENTS 
TOS 


BEFORE AFTER 
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TAN 


32-BIT FLOATING-POINT TANGENT 


7 6 5 4 3 2 1 0 
Binary Coding: | sr | 0 | 0 | 9 | 0] 1 | 0] 0 
Hex Coding: 84withsr = 1 

04 with sr = 0 

Execution Time: 4894 to 5886 clock cycles forlAl 2 1° 

radians 

30 clock cycles for IA! < 27 |? radians 
Description: 


The 32-bit floating-point operand A at the TOS is replaced by 
the 32-bit floating-point tangent of A. Operand A is assumed 
to be in radians. A, C and D are lost. B is unchanged. 

The TAN function will accept any input data value that can be 

represented in the data format. All input data values are 

range-reduced to fall within —7/4 to +7/4 radians. TAN is un- 
bounded for input values near odd multiples of 7/2 and in 
such cases the overflow bit is set in the status register. For 
angles smaller than 2~'? radians, TAN. returns A as the tan- 

gent of A. 

Accuracy: TAN exhibits a maximum relative error of 5.0 x 
10~’ for input data values in the range of —27 to 
+27 radians except for data values near odd mul- 
tiples of 7/2. 

Status Affected: Sign, Zero, Error Field (overflow) 


BEFORE STACK CONTENTS 


AFTER 





XCHD 


EXCHANGE 32-BIT STACK OPERANDS 


7 6 5 4 3 2 14 40 
Binary Coding: | sr | 0 | 1 | 1 | 1 [0 | 0] 4 | 


Hex Coding: B9 with sr = 1 

39 with sr = 0 
Execution Time: 26 clock cycles 
Description: 


32-bit operand A at the TOS and 32-bit operand B at the NOS 
are exchanged. After execution, B is at the TOS and A is at 
the NOS. All operands are unchanged. XCHD and XCHF 
execute the same operation. 
Status Affected: Sign, Zero 


BEFORE STACK CONTENTS AFTER 


ee Ee: a 
ae 


bo—___. 49 | 


XCHF 


EXCHANGE 32-BIT 
STACK OPERANDS 


7 6 5 4 3 2 1. 0 
Binary Coding: | sr | 0 | o | 1 [1 | 0 | o | 1 


Hex Coding: 99 withsr = 1 

19 with sr = 0 
Execution Time: 26 clock cycles 
Description: 


32-bit operand A at the TOS and 32-bit operand B at the NOS 
are exchanaed. After execution, B is at the TOS and A is at 
the NOS. All operands are unchanged. XCHD and XCHF 
execute the same operation. 
Status Affected: Sign, Zero 


STACK CONTENTS 


BEFORE AFTER 
ee ee ee 
a a oe 
6 Te 
a ar 


|~—__—- 32 —_—_+| |~—_-—— 32--__--] 
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XCHS 


EXCHANGE 16-BIT 
STACK OPERANDS 


cr 6 8 4S 2 Ok 8 
Binary Coding: | sr | 1 | 1] + {1 | o}oj 1 


Hex Coding: F9withsr = 1 
79 with sr = 0 
Execution Time: 18 clock cycles 
Description: 


16-bit operand A at the TOS and 16-bit operand B at the NOS 
are exchanged. After execution, B is at the TOS and A is at 
the NOS. All operand values are unchanged. 
Status Affected: Sign, Zero 


STACK CONTENTS 


BEFORE 
TOS 
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Am9511A 
MAXIMUM RATINGS beyond which useful life may be impaired 


Storage Temperature —65°C to +150°C 
Ambient Temperature Under Bias | ~—55°C to +125°C 
VDD with Respect to VSS | —0.5V to +15.0V 
VCC with Respect to VSS —0.5V to +7.0V 
All Signal Voltages with Respect to VSS —0.5V to +7.0V 
Power Dissipation (Package Limitation) 2.0W 


The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 


OPERATING RANGE 
Part Number Ambient Temperature VSS vcc VDD 


Am9511ADC 0°C < Ty < +70°C +5.0V +5% +12V +5% 





Am9511ADM -55°C = Ta = +125°C +5.0V +10% +12V +10% 


ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1) 


Parameters Description Test Conditions Min. Typ. Max. Units 





















[vor | Oui HIGH Votage | OH= 20a «a? ~—<dT~SCSC*iSSC“‘“‘CC*zi;C((Cs~C=* 
vor | Oupurtowvotege | r=szma S| SS S]SSSC*dSCS YS 
rvs | tmpuricnvotwge | SSSSC~SCiSYSSSCdSC iY 
Pvt | _puttowvotege | SSSSCSCS~=~‘ Ss | | SC 
Input Load Current VSS s VI s VCC | a See +10 
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Am9511A 
SWITCHING CHARACTERISTICS over operating range (Notes 2, 3) 


Am9511A Am9511A-1 
Parameters Description Min. Max. Min. Max. Units 


z 
P 
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24 
48 3300 
100 (Note 9) 


0 
T 0 
ta Bus Stable to WR HIGH Set up Time 
TEAE EACK LOW to END HIGH Delay 
TEPW END LOW Pulse Width (Note 4) 400 


Data Bus Output Valid to PAUSE HIGH Delay 
| ., | Data _| 3.5TCY+50 | 5.5TCY+300 | 3.5TCY+50 | 5.STCY+200 
TPPWR PAUSE LOW Pulse Width Read (Note 5) 


1.5TCY+50 | 3.5TCY+300 | 1.5TCY+50 | 3.5TCY+200 








—_ 
~] 


on 
o a 


300 















TPPWW PAUSE LOW Pulse Width Write (Note 8) 


| TPR | PAUSE HIGH to RD HIGH Hold Time 











PAUSE HIGH to WR HIGH Hold Time 


wD 
0 
i 
G) 
= 5 
Oo 

Q 
ol 
ze 
°o 
Qa 
4 
3 

@ 


on 
Oo 
Nh 
S 


oO 


TPR 

TRCD 
RD HIGH to GS HIGH Hold Time 
TRO RD LOW to Data Bus ON Delay 
TRP 
TRZ 
TSA 






100 (Note 9) 


| TRO 

RD LOW to PAUSE LOW Delay (Note 6) 
PTRZ | RD HIGH to Data Bus OFF Delay 

| Tsapw | SVACK LOW Pulse Width 100 
SVACK LOW to SVREQ LOW Delay 


R HIGH to C/D Hold Time 
R HIGH to CS HIGH Hold Time 


WR HIGH to Data Bus Hold Time 
TWI Write Inactive Time (Note 8) 
WR LOW to PAUSE LOW Delay (Note 6) 


NOTES is the time to complete execution plus the time shown. Status 
may be read at any time without exceeding the time shown. 


1. Typical values are for T, = 25°C, nominal supply voltages and 6. PAUSE is pulled low for both command and data operations. 


—_, 
oy) 
i) 












ae | 
“* 
> 
U 
= 
~J 
uo 


w $4] 
=) oO 





<= 


AE 
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9) 
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ns 





3TCY 
ATCY 














Z 


5 100 (Note 9) 











nominal processing parameters. 7. TEX is the execution time of the current command (see the 
2. Switching parameters are listed in alphabetical order. Command Execution Times table). 
3. Test conditions assume transition times of 20ns or less, output ©: 8. PAUSE low pulse width is less than 50ns when writing into the 
loading of one TTL gate plus 100pF and timing reference levels data port or the control port as long as the duty cycle require- 
of 0.8V and 2.0V. ment (TWI) is observed and no previous command is being 
4. END low pulse width is specified for EACK tied to VSS. Other- executed. TWI may be safely violated as long as the extended 
wise TEAE applies. TPPWW that results is observed. If a previously entered com- 
5. Minimum values shown assume no previously entered com- mand is being executed, PAUSE LOW Pulse Width is the time 
mand is being executed for the data access. If a previously te complete execution plus the time shown. 





entered command is being executed, PAUSE LOW Pulse Width 9. 150ns for Am9511A-1DM. 
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SWITCHING WAVEFORMS 


READ OPERATIONS 


CLOCK 


TCcy TCPH TCPL 


CHIP 
SELECT 


at TRCS 


ma RN | RR 
maTA RAXRXKXRXEKS PRR 


|tTcoR 









TRCD 















see nied 
es zd }o—— TR2Z {MIN.) 
mre 





DATA 
BUS 
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WRITE OPERATIONS 


CHIP 
SELECT 










COMMAND/ 
DATA 


OO 


Tcsw =<] 
KX XXX KX / 
BX || RRR RK 


Lo TCOW =e 





















WRITE 
TWP TPPWW TPW TW 
PAUSE 
— an Two 
DATA SKYE RXRKYRRRRYRXER RARER RK wrersrace | _ DORR 
m5 AXAKXXXXRKKX REX KKK KKK KKK KS mevrsrnce | DK 
+ waren ver 
END 
TEAE 
TAPW 
EACK | 
—— ee etc 
| (Note 7) 
SVREQ 
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APPLICATION INFORMATION 


The diagram in Figure 2 shows the interface connections for 
the Am9511A APU with operand transfers handled by an 
Am9517 DMA controller, and CPU coordination handled by an 
Am9519 Interrupt Controller. The APU interrupts the CPU to 


indicate that a command has been completed. When the per- 8-bit processor. 
formance enhancements provided by the DMA and Interrupt 


Am8224 


CLOCK 
GENERATOR 


ADDRESS BUS 


cs 












Ro c/D 
se Am9511A 
WR ARITHMETIC 
CLK PROCESSOR 
UNIT 






PAUSE 


Figure 1. Am9511A Minimum Configuration Example. 
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TS svREQ Svackc/5 RO WA 


MT Ta 


Am9611A 
ARITHMETIC 
PROCESSING UNIT 
CLK RESET PAUSE DBO-DB? EACK 
‘e 
: Bi 


Figure 2. Am9511A High Performance Configuration Example. 
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operations are not required, the APU interface can be 
simplified as shown in Figure 1. The Am9511A APU is de- 
signed with a general purpose 8-bit data bus and interface 
control so that it can be conveniently used with any general 
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Am9512 


Floating Point Processor 


DISTINCTIVE CHARACTERISTICS 


Single (32-bit) and double (64-bit) precision capability 
Add, subtract, multiply and divide functions 
Compatible with proposed IEEE format 

Easy interfacing to most microprocessors 

8-bit data bus 

Standard 24-pin package 

12V and 5V power supplies 

Stack oriented operand storage 

Direct memory access or programmed I/O Data Transfers 
End of execution signal 

Error interrupt 


GENERAL DESCRIPTION 


The Am9512 is a high performance floating-point processor unit 
(FPU). It provides single precision (32-bit) and double precision 
(64-bit) add, subtract, multiply and divide operations. It can be 
easily interfaced to enhance the computational capabilities of 
the host microprocessor. 


The operand, result, status and command information transfers 
take place over an 8-bit bidirectional data bus. Operands are 
pushed onto an internal stack by the host processor and a com- 
mand is issued to perform an operation on the data stack. The 
results of this operation are available to the host processor by 
popping the stack. 


Information transfers between the Am9512 and the host proces- 
sor can be handled by using programmed I/O or direct memory 
access techniques. After completing an operation, the Am9512 
activates an “end of execution” signal that can be used to inter- 
rupt the host processor. 





BLOCK DIAGRAM 


CONSTANT ROM 
128 X17 


TWO PORT DATA STACK 
8X17 


CLOCK 
GENERATOR 
{t bt 2 








VDD 
[> 17-BIT BUS 


e Al Ub 
: 
[ 


WORKING REGISTERS 
10X17 






8-BIT BUS 


STATUS 
REGISTER 


<a 


DBO 


DBI 

DB2 

DB3 COMMAND 
DATA REGISTER 

DB4 BUFFER 

DBS 


DB6 


SUBROUTINE 
DB7 STACK > 
3X 10 


ARITHMETIC INSTRUCTION DECODE 
SEQUENCER AND CONTROL 


PROGRAM 


COUNTER 





ARITHMETIC UNIT 
17 BITS 


16-BIT 
MICROINSTRUCTION 
REGISTER 


it 


CONTROL ROM 
768 X 16 


INTERFACE 
CONTROL 





ORDERING INFORMATION 






Package Ambient 
Type Temperature 
| O°C <= T, = 70°C AM9512DC AM9512-1DC 
Hermetic DIP 
—55°C < Ty S +125°C AM9512DM AM9512-1DM 






Maximum Clock Frequency 
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CONNECTION DIAGRAM 
Top View 


Am9512 





Note: Pin 1 is marked for orientation. 


INTERFACE SIGNAL DESCRIPTION 
VCC: +5V Power Supply 

VDD: +12V Power Supply 

VSS: Ground 

CLK (Clock, Input) 


An external timing source connected to the CLK input provides 
the necessary Clocking. 


RESET (Reset, Input) 


A HIGH on this input causes initialization. Reset terminates any 
operation in progress, and clears the status register to zero. The 
internal stack pointer is initialized and the contents of the stack 
may be affected. After a reset the END output, the ERR output 
and the SVREQ output will be LOW. For proper initialization, 
RESET must be HIGH for at least five CLK periods following 
stable power supply voltages and stable clock. 


C/D (Command/Data Select, Input) 


The C/D input together with the RD and WR inputs determines the 
type of transfer to be performed on the data bus as follows: 


Cee [ae [WaT Funaton 
Te fw |__| Pash data byt into the sack 
Te Pk | Pop data byte tom the stack 
a fw [tT enter commana 
a 


L = LOW 
H = HIGH 
X = DON'T CARE 








END (End of Execution, Output) 


A HIGH on this output indicates that execution of the current 
command is compiete. This output will be cleared LOW by ac- 
tivating the EACK input LOW or performing any read or write 
operation or device initialization using the RESET. If EACK is tied 
LOW, the END output will be a pulse (see-EACK description). 


Reading the status register while a command execution is in 
progress is allowed. However any read or write operation clears 








Am9512 


the flip-flop that generates the END output. Thus such continu- 
ous reading could conflict with internal logic setting of the END 
flip-flop at the end of command execution. 


EACK (End Acknowledge, Input) 


This input when LOW makes the END output go LOW. As men- 
tioned earlier HIGH on the END output signals completion of a 
command execution. The END signal is derived from an internal 
flip-flop which is clocked at the completion of a command. This 
flip-flop is clocked to the reset state when EACK is LOW. Con- 
sequently, if EACK is tied LOW, the END output will be a pulse 
that is approximately one CLK period wide. 





SVREQ (Service Request, Output) 
A HIGH on this output indicates completion of a command. tn 


ihis Sense this output is tho same as the END cutout. However, 
the SVREQ output will go HIGH at the completion of a com- 
mand. This bit must be 1 for SVREQ to go HIGH. The SVREQ 
can be cleared (i.e., go LOW) by activating the SVACK input 
LOW or initializing the device using the RESET. Also, the 
SVREQ will be automatically cleared after completion of any 
command that has the service request bit as 0. 





SVACK (Service Acknowledge, Input). 


A LOW on this input clears SVREQ. If the SVACK input is per- 
manently tied LOV, it will conflict with the internal setting of the 
SVREQ output. Thus the SVREQ indication cannot be relied 
upon if the SVACK is tied LOW. 








DBO-DB7 (Data Bus, Input/Output) 


These eight bidirectional lines are used to transfer command, 
status and operand information between the device and the host 
processor. DBO is the least significant and DB7 is the most 
significant bit position. HIGH on a data bus line corresponds to 1 
and LOW corresponds to 0. 


When pushing operands on the stack using the data bus, the least 
significant byte must be pushed first and most significant byte 
last. When popping the stack to read the result of an operation, 
the most significant byte will be available on the data bus first and 
the least significant byte will be the last. Moreover, for pushing 
operands and popping results, the number of transactions must 
be equal to the proper number of bytes appropriate for the chosen 
format. Otherwise, the internal byte pointer will not be aligned 
properly. The Am9512 single precision format requires 4 bytes 
and double precision format requires 8 bytes. 


ERR (Error, Output) 


This output goes HIGH to indicate that the current command 
execution resulted in an error condition. The error conditions 
are: attempt to divide by zero, exponent overflow and exponent 
underflow. The ERR output is cleared LOW on read status reg- 
ister operation or upon RESET. 


The ERR output is derived from the error bits in the status 
register. These error bits will be updated internally at an appro- 
priate time during a command execution. Thus ERR output going 
HIGH may not correspond with the completion of a command. 
Reading of the status register can be performed while a com- 
mand execution is in progress. However it should be noted that 
reading the status register clears the ERR output. Thus reading 
the status register while a command execution in progress may 
result in an internal conflict with the ERR output. 


4-145 








Am9512 


CS (Chip Select, Input) 


This input must be LOW to accomplish any read or write operation 
to the Am9512. 


To perform a write operation, appropriate data is presented on 
DBO through DB7 lines, appropriate logic level on the C/D input 
and the CS input is made LOW. Whenever WR and RD inputs 
are both HIGH and CS is LOW, PAUSE goes LOW. However 
actual writing into‘the Am9512 cannot start until WR is made 
LOW. After initiating the write operation by the HIGH to LOW 
transition on the WR input, the PAUSE output will go HIGH 
indicating the wnte operation has been acknowledged. The WR 
input can go HIGH after PAUSE goes HIGH. The data lines, C/D 
input and the CS input can change when appropriate hold time 


requirements are satisfied. See write timing diagram for details. 


To perform a read operation an appropriate logic level is estab- 
lished on the C/D input and CS is made LOW. The PAUSE output 
goes LOW because WR and RD inputs are HIGH. The read 
operation does not start until the RD input goes LOW. PAUSE will 
go HIGH indicating that read operation is complete and the re- 
quiredinformation is available on the DBO through DB7 lines. This 
information will remain on the data lines as long as RD is LOW. 
The RD input can return HIGH anytime after PAUSE goes 
HIGH. The CS input and C/D input can change anytime after RD 
returns HIGH. See read timing diagram for details. If the CS is 
tied LOW permanently, PAUSE will remain LOW until the next 
Am9512 read or write access. 


RD (Read, Input) 


A LOW on this input is used to read information from an internal 
location and gate that information onto the data bus. The CS input 
must be LOW to accomplish the read operation. The C/D input 
determines what internal location is of interest. See C/D, CS input 
descriptions and read timing diagram for details. If the END 


FUNCTIONAL DESCRIPTION 


Major functional units of the Am9512 are shown in the block 
diagram. The Am9512 employs a microprogram controlled stack 
Oriented architecture with 17-bit wide data paths. | 


The Arithmetic Unit receives one of its operands from the 
Operand Stack. This stack is an eight word by 17-bit two port 
memory with last in — first out (LIFO) attributes. The second 
operand to the Arithmetic Unit is supplied by the internal 17-bit 
bus. In addition to supplying the second operand, this bidirec- 
tional bus also carries the results from the output of the Arithmetic 
Unit when required. Writing into the Operand Stack takes place 
from this internal 17-bit bus when required. Also connected to this 
bus are the Constant ROM and Working Registers. The ROM 
provides the required constants to perform the mathematical 
operations while the Working Registers provide storage for the 
intermediate values during command execution. 


Communication between the external world and the Am9512 » 


takes place on eight bidirectional input/output lines, DBO through 


output was HIGH, performing any read operation will make the 
END output go LOW after the HIGH to LOW transition of the RD 
input (assuming CS is LOW). If the ERR output was HIGH per- 
forming a status register read operation will make the ERR out- 
put LOW. This will happen after the HIGH to LOW transition of 
the RD input (assuming CS is LOW). 


WR (Write, Input) 


A LOW on this input is used to transfer information from the data 
bus into an internal location. The CS must be LOW to accomplish 
the write operation. The C/D determines which internal location is 
to be written. See C/D, CS input descriptions and write timing 
diagram for details. 


If the END output was HIGH, performing any write operation will 
make the END output go LOW after the LOW to HIGH transition of 
the WR input (assuming CS is LOW). 


PAUSE (Pause, Output) 


This output is a handshake signal used while performing read or 
write transactions with the Am9512. If the WR and RD inputs are 
both HIGH, the PAUSE output goes LOW with the CS input in 
anticipation of a transaction. lf WR goes LOW to initiate a write 
transaction with proper signals established on the DBO-DB7, C/D 
inputs, the PAUSE will return HIGH indicating that the write 
operation has been accomplished. The WR can be made HIGH 
after this event. On the other hand, if a read operation is desired, 
the RD input is made LOW after activating CS LOW and estab-. 
lishing proper C/D input. (The PAUSE will go LOW in response to 


‘CS going LOW.) The PAUSE will return HIGH indicating comple- 


tion of read. The RD can return HIGH after this event. It should be 
noted that a read or write operation can be initiated without any 
regard to whether a command execution is in progress or not. 
Proper device operation is assured by obeying the PAUSE output 
indication as described. 


DB7 (Data Bus). These signals are gated to the internal 8-bit bus 
through appropriate interface and buffer circuitry. Multiplexing 
facilities exist for bidirectional communication between the inter- 
nal eight and 17-bit buses. The Status Register and Command 
Register are also located on the 8-bit bus. 


The Am9512 operations are controlled by the microprogram 
contained in the Control ROM. The Program Counter supplies the 
microprogram addresses and can be partially loaded from the 
Command Register. Associated with the Program Counter is the 
Subroutine Stack where return addresses are held during sub- 
routine calls in the microprogram. The Microinstruction Register 
holds the current microinstruction being executed. The register 
facilitates pipelined microprogram execution. The Instruction De- 
code logic generates various internal control signals needed for 
the Am9512 operation. 


The Interface Control logic receives several external inputs and 
provides handshake related outputs to facilitate interfacing the 
Am9512 to microprocessors. 
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COMMAND FORMAT 


The Operation of the Am9512 is controlled from the host proces- 
sor by issuing instructions called commands. The command for- 
mat is shown below: 


SVREQ OP CODE 
ENB . 


7? 6 5 4 3 2 1 0 





The command consists of 8 bits; the least significant 7 bits specify 
the operation to be performed as detailed in the accompanying 
table. The most significant bit is the Service Request Enable bit. 
This bit must be a 1 if SVREQ is to go high at end of executing a 
command. 


The Am9512 commands fall into three categories: Single preci- 
sion arithmetic, double precision arithmetic and data manipula- 
tion. There are four arithmetic operations that can be performed 


with single precision (32-bit), or double precision (64-bit) 


Am9512 


floating-point numbers: add, subtract, multiply and divide. These 
operations require two operands. The Am9512 assumes that 
these operands are located in the internal stack as Top of Stack 
(TOS) and Next on Stack (NOS). The result will always be re- 
turned to the previous NOS which becomes the new TOS. Re- 
sults from an operation are of the same precision and format as 
the operands. The results will be rounded to preserve the accu- 
racy. The actual data formats and rounding procedures are de- 
scribed in a later section. In addition to the arithmetic operations, 
the Am9512 implements eight data manipulating operations. 
These include changing the sign of a double or single precision 
operand located in TOS, exchanging single precision operands 
located at TOS and NOS, as well as copying and popping single 
or double precision operands. See also the sections on status 
register and operand formats. 


The Execution times of the Am9512 commands are ail data 
dependent. Table 2 shows one example of each command exe- 
cution time: 


Table 1. Command Decoding Table. 






Command Bits 






Xx 0 00 0 0 1 0 SSUB 


X 0 00 0 0 1 44) #43SMUL 


Xx 0 00 0 1 SDIV 


Oo 
oO 


Xx 0 0 0 0 1 


oOo 
-~ 


CHSS 
X 0 0 0 01 1 +0 PTOS 


xXx 0 0 0 0 1 





x 

oO 

°Q 

Oo 

So 

o;a 
= 


1 0 XCHS 
Xx 0 10 1 1 0 1 CHSD 
X 0 10 1 1 1 «0 PTOD 


X 0 1 O 


— 
—_ 
_ 


1 POPD 
Xx 0 00 0 0 0 0 CLR CLR status. 


0 1 0 0 11 #42DADD 


x 
oO 






Notes: X = Don't Care 


Operation for bit combinations not listed above is undefined. 


765 493 2 1 =0 Chane Description 


X 00 0000 1 SADD Add TOS to NOS Single Precision and result to NOS. Pop stack. 


Subtract TOS from NOS Single Precision and result to NOS. Pop stack. 
Multiply NOS by TOS Single Precision and result to NOS. Pop stack. 
Divide NOS by TOS Single Precision and result to NOS. Pop stack. 
Change sign of TOS Single Precision operand. 

Push Single Precision operand on TOS to NOS. 

Pop Single Precision operand from TOS. NOS becomes TOS. 


Exchange TOS with NOS Single Precision. 
Change sign of TOS Double Precision operand. 


Push Double Precision operand on TOS to NOS. 
Pop Double Precision operand from TOS. NOS becomes TOS. 


Add TOS to NOS Double Precision and result to NOS. Pop stack. 


XxX 0 10 1 0 1 =0 DSUB Subtract TOS from NOS Double Precision and result to NOS. Pop stack. 
Xx 010% 01 1 DMUL Multiply NOS by TOS Double Precision and result to NOS. Pop stack. 


X 0 10 1 1 #0 #0 DDIV Divide NOS by TOS Double Precision and result to NOS. Pop Stack. 






Table 2. Execution Times. 


| Command | Tos | NOS | Result, 





3F800000 
3F800000 
40400000 
3F800000 
3F800000 
3F800000 
3F800000 
3F800000 


3F800000 
3F800000 
3FC00000 
40000000 


4000000 


40000000 
00000000 
40900000 
3F000000 
BF800000 


Clock periods 
58 


3FF0000000000000 
3FF0000000000000 
3FFO000000000000 
3FF0000000000000 
3FFOOOC0A0000000 
3FFO0000A0000000 
BFF8000000000000 
BFF8000000000000 


8000000000000000 
8000000000000000 
3FF8000000000000 
3FF8000000000000 





3FFOOO000A0000000 
3FFOOO00A0000000 
C002000000000000 
BFFOOO0000000000 


Note: TOS, NOS and Result are in hexadecimal; Clock period is in decimal. 
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COMMAND INITIATION 


After properly positioning the required operands in the stack, a 
command may be issued. The procedure for initiating acommand 
execution is as follows: 


1. Establish appropriate command on the DBO-DB7 lines. 

2. Establish HIGH on the C/D input. 

3. Establish LOW on the CS input. Whenever WR and RD inputs 
are HIGH the PAUSE output follows the CS input. Hence 
PAUSE will become LOW. 

4. Establish LOW on the WR input after an appropriate set up 
time (see timing diagrams). 

5. Sometime after the HIGH to LOW level transition of WR input, 
the PAUSE output will become HIGH to acknowledge the write 
operation. The WR input can return to HIGH anytime after 
PAUSE goes HIGH. The DBO-DB7, C/D and CS inputs are 
allowed to change after the hold time requirements are satis- 
fied (see timing diagram). 


An attempt to issue a new command while the current command 
execution is in progress is allowed. Under these circumstances, 
the PAUSE output will not go HIGH until the current command 
execution is completed. 


OPERAND ENTRY 


The Am9512 commands operate on the operands located at the 
TOS and NOS and results are returned to the stack at NOS and 
then popped to TOS. The operands required for the Am9512 are 
one of two formats — single precision floating-point (4 bytes) or 
double precision floating-point (8 bytes). The result of an opera- 
tion has the same format as the operands. In other words, op- 
erations using single precision quantities always result in a 
single precision result while operations involving double preci- 
sion quantities will result in double precision result. 


Operands are always entered into the stack least significant byte 
first and most significant byte last. The following procedure must 
be followed to enter operands into the stack: 


1. The lower significant operand byte is established on the 
DBO-DB7 lines. 

2. ALOWis established on the C/D input to specify that data is to 
‘be entered into the stack. 

3. The CS input is made LOW. Whenever the WR and RD inputs 
are HIGH, the PAUSE output will follow the CS input. Thus 
PAUSE output will become LOW. 








4. After appropriate set up time (see timing diagrams), the WR 


input is made LOW. 

5. Sometime after this event, PAUSE will return HIGH to indi- 
cate that the write operation has been acknowledged. 

6. Anytime after the PAUSE output goes HIGH the WR input can 
be made HIGH. The DBO-DB7, C/D and CS inputs can change 
after appropriate hold time requirements are satisfied (see 
timing diagrams). 


The above procedure must be repeated until all bytes of the 
operand are pushed into the stack. It should be noted that for 
single precision operands 4 bytes should be pushed and 8 bytes 
must be pushed for double precision. Not pushing all the bytes of 
a quantity will result in byte pointer misalignment. 


The Am9512 stack can accommodate 4 single precision quan- 
tities or 2 double precision quantities. Pushing more quantities 
than the capacity of the stack will result in loss of data which is 
usual with any LIFO stack. 


REMOVING THE RESULTS 


Result from an operation will be available at the TOS. Results can 
be transferred from the stack to the data bus by reading the stack. 


When the stack is popped for results, the most significant byte is 
available first and the least significant byte last. A result is always 
of the same precision as the operands that produced it. Thus 
when the result is taken from the stack, the total number of bytes 
popped out should be appropriate with the precision — single 
precision results are 4 bytes and double precision results are 8 
bytes. The following prodedure must be used for reading the 
result from the stack: 


1. A LOW is established on the C/D ) input. 

2. The CS input is made LOW. When WR and RD inputs are both 
HIGH, the PAUSE output follows the CS input, thus PAUSE 
will be LOW. 

3. After appropriate set up time (see timing diagrams), the RD 
input is made LOW. 

4. Sometime after this, PAUSE will return HIGH indicating that 
the data is available on the DBO-DB7 lines. This data will 
remain on the DBO-DB7 lines as long as the RD input remains 
LOW. 

5. Anytime after PAUSE goes HIGH, the RD input can return 
HIGH to complete transaction. 

6. The CS andC/D inputs can change after appropriate hold time 
requirements are satisfied (see timing diagram). 

7. Repeat this procedure until all bytes appropriate for the preci- 
sion of the result are popped out. 








Reading of the stack does not alter its data; it only adjusts the byte 
pointer. If more data is popped than the capacity of the stack, the 
internal byte pointer will wrap around and older data will be read 
again, consistent with the LIFO stack. 


READING STATUS REGISTER 


The Am9512 status register can be read without any regard to 
whether a command is in progress or not. The only implication 
that has to be considered is the effect this might have on the END 
and ERR outputs discussed in the signal descriptions. 


The following procedure must be followed to accomplish status 
register reading. 


1. Establish HIGH on the C/D input. 

2. Establish LOW on the CS input. Whenever WR and RD in- 
puts are HIGH, PAUSE will follow the CS input. Thus, 
PAUSE will go LOW. ate 

3. After appropriate set up time (see timing diagram) RD is 
made LOW. __ 

4. Sometime after the HIGH to LOW transition of RD, PAUSE 
will become HIGH indicating that status register contents are 
available on the DBO-DB7 lines. These lines will contain this 
information as long as RD is LOW. 

5. The RD input can be returned HIGH anytime after PAUSE 
goes HIGH. 

6. The C/D input and CS input can change after satisfying ap- 
propriate hold time requirements (see timing diagram). 








DATA FORMATS 


The Am9512 handles floating-point quantities in two different 
formats — single precision and double precision. The single pre- 
cision quantities are 32-bits long as shown below. 


IMPLIED BiT 


31 30 23 22, - 19 


Bit 31: 
S = Sign of the mantissa. 1 represents negative and 0 repre- 
sents positive. 
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Bits 23-30 

E = These 8-bits represent a biased exponent. The bias is 
2’ -1 = 127 

Bits 0-22 


M = 23-bit mantissa. Together with the sign bit, the mantissa 
represents a signed fraction in sign-magitude notation. 
There is an implied 1 beyond the most significant bit (bit 22) 
of the mantissa. In other words, the mantissa is assumed to 
be a 24-bit normalized quantity and the most significant bit 
which will always be 1 due to normalization is implied. The 
Am9512 restores this implied bit internally before performing 
arithmetic; normalizes the result and strips the implied bit 
before returning the results to the externa! data bus. The 
binary point is between the implied bit and bit 22 of the 
mantissa. 


The quantity N represented by the above notation is 


‘a Bias 


— ee ee Point 
N — (—1)§ nE-(27—-1) (1 ) 


Provided E # O or all 1's. 


A double precision quantity consists of the mantissa sign bit(s), 
an 11 bit biased exponent (E), and a 52-bit mantissa (M). The bias 
for double precision quantities is 2'° — 1. The double precision 
format is illustrated below. 


IMPLIED BIT 


63 62 52 51 2 1 0 


Bit 63: 
S = Sign of the mantissa. 1 represents negative and O repre- 
sents positive. 


Bits 52-62 

E = These 11 bits represent a biased exponent. The bias is 
219 — 4 = 1023. 

Bit 0-51 


M = 52-bit mantissa. Together with the sign bit, the mantissa 
represents a signed fraction in sign-magnitude notation. 
There is an implied 1 beyond the most significant bit (bit 51) 
of the mantissa. In other words, the mantissa is assumed to 
a 53-bit normalized quantity and the most significant bit, 
which will always be a 1 due to normalization, is implied. The 
Am9512 restores this implied bit internally before perform- 
ing arithmetic; normalizes the result and strips the implied bit 

- before returning the result to the external data bus. The 
binary point is between the implied bit and bit 51 of the 
mantissa. 


The quantity N represented by the above notation is 


a Bias 


See, 


| a Binary point 
N = (--1)° pE-(210—-1) (1'M) 


Provided E # 0 or all 1’s. 
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STATUS REGISTER 


The Am9512 contains an 8-bit status register with the following 
format. 


DIVIDE EXPONENT | EXPONENT 
BUSY RESERVED | EXCEPTION | UNDERFLOW] OVERFLOW | RESERVED 
dD U Vv 
7 6 i) 4 3 2 1 0 


Bit O and bit 4 are reserved. Occurrence of exponent oerflow (V), 
exponent underflow (U) and divide exception (D) are indicated 
by bits 1, 2 and 3 respectively. An attempt to divide by zero is the 
only divide exception. Bits 5 and 6 represent a zero result and 
the sign of a result respectively. Bit 7 (Busy) of the status regis- 
ter indicates if the Am9512 is currently busy executing a com- 
mand. All the bits are initialized to zero upon reset. Also, 
executing a CLR (Clear Status) command will result in all zero 
Status register bits. A zero in Bit 7 indicates that the Am9512 is 
not busy and a new command may be initiated. As soon as a 
new command is issued, Bit 7 becomes 1 to indicate the device 
is busy and remains 1 until the command execution is complete, 
at which time it will become 0. As soon as a new command is 
issued, status register bits 0, 1, 2, 3, 4, 5 and 6 are cleared to 
zero. The status bits will be set as required during the command 
execution. Hence, as long as bit 7 is 1, the remainder of the 
status register bit indications should not be relied upon un- 
less the ERR occurs. The following is a detailed status bit 
description. 


Bit O 
Bit 1 


Reserved 

Exponent overflow (V): When 1, this bit indicates that 
exponent overflow has occurred. Cleared to zero 
otherwise. 

Exponent Underflow (U): When 1, this bit indicates that 
exponent underflow has occurred. Cleared to zero 
otherwise. 

Divide Exception (D): When 1, this bit indicates that an 
attempt to divide by zero is made. Cleared to zero 
otherwise. 

Reserved 

Zero (Z): When 1, this bit indicates that the result returned 
to TOS after a command is all zeros. Cleared to zero 
otherwise. 

Sign (S): When 1, this bit indicates that the result returned 
to TOS is negative. Cleared to zero otherwise. 

Bit 7 Busy: When 1, this bit indicates the Am9512 is in the 
process of executing a command. It will become zero after 
the command execution is complete. 


Bit 2 


Bit 3 


Bit 4 
Bit 5 


Bit 6 


All other status register bits are valid when the Busy bit is zero. 


ALGORITHMS OF FLOATING-POINT ARITHMETIC 


1. Floating Point to Decimal Conversion 
As an introduction to floating-point arithmetic, a brief descrip- 
tion of the Decimal equivalent of the Am9512 floating-point 
‘format should help the reader to understand and verify the 
validity of the arithmetic operations. The Am9512 single preci- 
sion format is used for the following discussions. With a minor 
modification of the field lengths, the discussion would also 
apply to the double precision format: 


There are three parts in a floating point number: 

a. Thesign — the sign applies to the sign of the number. Zero 
means the number is positive or zero. One means the 
number is negative. 
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b. The exponent — the exponent represents the magnitude of 
the number. The Am9512 single precision format has an 
excess 127) notation which means the code representa- 
tion is 12719 higher than the actual value. The following are 
a few examples of actual versus coded exponent. 


Actual Coded 

+1 2710 +2549 
0 12746 

—12646 +1149 


c. The mantissa — the mantissa is a 23-bit value with the 
binary point to the left of the most significant bit. There is a 
hidden 1 to the left of the binary point so the mantissa is 
always less than 2 and greater than or equal to 1. 


To find the Decimal equivalent of the floating point number, 
the mantissa is multiplied by 2 to the power of the actual 
exponent. The number is negated if the sign bit = 1. The 
following are two examples of conversion: 


Example 1 


Floating PointNo.=01000001111000000000000000000000B 


Sign Exponent Mantissa 


Coded Exponent = 100000118 
Actual Exponent = 10000011B-01111111B=00000100B= 44 
Mantissa = 1.11000000000000000000000B 
= 14+ 1/2 + 1/4 = 1.7549 
Decimal No. = 24 x 1.75 = 16x 1.75 = 2849 


Example 2 


Floating Point No. = 101111010011000000000000000000008 


Sign Exponent Mantissa 


Code Exponent =011110108B 
Actual Exponent =01111010B-01111111B=11111011B= —5j9 
Mantissa = 1.01100000000000000000000B 
= 1+ 1/4 + 1/8 = 1.37515 
Decimal No. = —275 x 1.375 = —.0429687549 


2. Unpacking of the Floating-Point Numbers 

The Am9512 unpacks the floating point number into three 
parts before any of the arithmetic operation. The number is 
divided into three parts as described in Section 1. The sign and 
exponent are copied from the original number as 1 and 8-bit 
numbers respectively. The mantissa is stored as a 24-bit 
number. The least significant 23 bits are copied from the 
Original number and the MSB is set to 1. The binary point is 
assumed to the right of the MSB. 


The abbreviations listed below are used in the following sec- 
tions of algorithm description: 


SIGN — Sign of Result 

EXP — Exponent of Result 

MAN — Mantissa of Result 

SIGN (TOS) — Sign of Top of Stack 

EXP (TOS) — Exponent of Top of Stack 
MAN (TOS) — Mantissa of Top of Stack 
SIGN (NOS) — Sign. of Next on Stack 
EXP (NOS) — Exponent of Next on Stack 
MAN (NOS) — Mantissa of Next on Stack 


3. Floating-Point Add/Subtract 
The floating-point add and subtract essentially use the same 
algorithm. The only difference is that floating-point subtract 
changes the sign of the floating-point number at top of stack 
and then performs the floating-point add. 


The following is a step by step description of a floating-point 
add algorithm (Figure 1): 
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a. Unpack TOS and NOS. 

b. The exponent of TOS is compared to the exponent of 

NOS. 

if the exponents are equal, go to step f. 

Right shift the mantissa of the number with the smaller 

exponent. 

increment the smaller exponent and go to step b. 

Set sign of result to sign of larger number. 

Set exponent of result to exponent of larger number. 

If sign of the two numbers are not equal, go to m. 

Add Mantissas. 

Right shift resultant mantissa by 1 and increment expo- 

nent of result by 1. — 

k. If MSB of exponent changes from 1 to 0 as a result of the 
increment, set overflow status. 

|. Round if necessary and exit. 

. Subtract smaller mantissa from larger mantissa. 

n. Left shift mantissa and decrement exponent of result. 

o. If MSB of exponent changes from 0 to 1 as a result of the 
decrement, set underflow status and exit. 

p. If the MSB of the resultant mantissa = 0, go to n. 

q. Round if necessary and exit. 


ao 


—m™ Fa mo 


. Floating-Point Multiply 


Floating-point multiply basically involves the addition of the 
exponents and multiplication of the mantissas. The following 
is a step by step description of a floating multiplication al- 
gorithm (Figure 2): 


a. Check if TOS or NOS = 0. 

b. If either TOS or NOS = 0, Set result to 0 and exit. 

c. Unpack TOS and NOS. 

d. Convert EXP (TOS) and EXP (NOS) to unbiased form. 
EXP (TOS) = EXP (TOS) — 12749 
EXP (NOS) = EXP (NOS) —12749 

e. Add exponents. 
EXP = EXP (TOS) + EXP (NOS) 

f. IfMSBof EXP (TOS) = MSB of EXP (NOS) = 0 and MSB 
of EXP = 1, then set overflow status and exit. 

g. IfMSBof EXP (TOS) = MSB of EXP (NOS) = 1 and MSB 
of EXP = 0, then set underflow status and exit. 

h. Convert Exponent back to biased form. 
EXP = EXP + 12749 

i. Ifsignof TOS = sign of NOS, set sign of result to 0, else set 
sign of result to 1. 

j. Multiply mantissa. 

k. If MSB of resultant = 1, right shift mantissa by 1 and 
increment exponent of resultant. 

|. If MSB of exponent changes from 1 to 0 as a result of the 
increment, set overflow status. 

m. Round if necessary and exit. 


. Floating-Point Divide 


The floating-point divide basically involves the subtraction of 
exponents and the division of mantissas. The following is a 
step by step description of a division algorithm (Figure 3). 


a. If TOS = 0, set divide exception error and exit. 

b. If NOS = 0, set result to O and exit. 

c. Unpack TOS and NOS. 

d. Convert EXP (TOS) and EXP (NOS) to unbiased form. 
EXP (TOS) = EXP (TOS) — 12749 
EXP (NOS) = EXP (NOS) — 12749 

e. Subtract exponent of TOS from exponent of NOS. 
EXP = EXP (NOS) — EXP (TOS) 

f. If MSB of EXP (NOS) = 0, MSB of EXP (TOS) = 1 and 
MSB of EXP = 1, then set overflow status and exit. 

g. If MSB of EXP (NOS) = 1, MSB of EXP (TOS) = 0, and 
MSB of EXP = 0, then set underflow status and exit. 
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SIGN (TOS) EXP (TOS) MAN (NOS) 


N 


(ano) SIGN = SIGN (NOS) 
A —_ 


MAN = 
— MA Ss 
UNPACK MAN (NOS) — MAN (TOS) 
TOS & NOS 


EXP (TOS) = SIGN = SIGN (TOS) SIGN = SIGN (TOS) 


MAN = MAN = 
g' 
EXP (NOS)? MAN (TOS) + MAN (i5SS) tanes (TOS) — MAN (NOS) 


N 
EXP (TOS) . RIGHT SHIFT 
EXP (NOS)? MAN 
LEFT SHIFT 
MAN 
RIGHT SHIFT 
ae ee 
Y 


ADDITION 
ROUNDING 


EXP (TOS) + 1 
MSB OF 
MAN = 1? 
RIGHT SHIFT 
MAN (NOS) SET SET 


OVERFLOW UNDERFLOW 
STATUS STATUS 


EXP (NOS) = 
EXP (NOS) + 1 
SUBTRACTION 
ROUNDING 


Figure 1. Conceptual Floating-Point Addition/Subtraction. neous 


Add bias to exponent of result. The method used for doing the rounding during floating-point 
EXP = EXP + 12749 arithmetic is known as “Round to Even”, i.e., if the resultant 
If sign of TOS = sign of NOS, set sign of result to 0, else set number is exactly halfway between two floating point num- 
sign of result to 1. bers, the number is rounded to the nearest floating-point 
Divide mantissa of NOS by mantissa of TOS. number whose LSB ofthe mantissa is 0. In order to simplify the 
lf MSB = 0, left shift mantissa and decrement exponent of explanation, the algorithms will be illustrated with 4-bit arith- 
resultant, else go to n. metic. The existence of an accumulator will be assumed as 
If MSB of exponent changes from 0 to 1 as a result of the shown: 
decrement, set underflow status. 

. Go to k. 
Round if necessary and exit. 


The algorithms described above provide the user a means of 
verifying the validity of the result. They do not necessarily 
reflect the exact internal sequence of the Am9512. 


The bit labels denote: 
. Rounding 


The Am9512 adopts a rounding algorithm that is consistent OF — The overflow bit 

with the Intel® standard for floating-point arithmetic. The fol- Bi-B4 — The 4 mantissa bits 
lowing description is an excerpt from the paper published in G — The Guard bit 
proceedings of Compsac 77, November 1977, pp. 107-112 by R — The Rounding bit 

Dr. John F. Palmer of Intel Corporation. ST — The “Sticky” bit 
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FMUL 


<a 
> 


SIGN = 
SIGN (TOS) G@) SIGN (NOS) 
MAN = 
MAN (TOS)*MAN (NOS) 

MAN 

OVERFLOW? 

RIGHT SHIFT 
MAN 













RESULT = 0 


UNPACK 
TOS & NOS 


EXP (TOS) = 
EXP (TOS) — 127; 






EXP (NOS) = 
EXP (NOS) — 12749 








EXP = 
EXP (TOS) + EXP (NOS) 
MULTIPLICATION 
ROUNDING 
SET 
OVERFLOW 
STATUS 


SET 
UNDERFLOW 
STATUS 


EXP = 
EXP + 1274 


Figure 2. Conceptual Floating-Point Multiplication. 
MOS-206 


The Sticky bit is set to one if any ones are shifted right of the 
rounding bit in the process of denormailization. If the Sticky bit 
becomes set, it remains set throughout the operation. All 
shifting in the Accumulator involves the OF, G, R and ST bits. 


TheST bitis not affected by left shifts but, zeros are introduced Then G=B5, R—B6, ST=B7 V BS. The rounding is then per- 


into OF by right shifts. 
Rounding during addition of magnitudes — add 1 to the G 


position, then if G=R=ST=0, set B4 to 0 (“Rounding to 
Even’’). 


Rounding during subtraction of magnitudes — if more than one 
left shift was performed, no rounding is needed, otherwise 
round the same way as addition of magnitudes. 


Rounding during multiplication — let the normalized double 
length product be: 
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formed as in addition of magnitudes. 


Rounding during division — let the first six bits of the nor- 
malized quotient be 


Then G=B5, R=B6, ST=0 if and only if remainder = 0. The 
rounding is then performed as in addition of magnitudes. 





SET DIVIDE 
EXCEPTION 
STATUS 
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SIGN = 
SIGN (TOS) @ SIGN (NOS) 
MAN = 
MAN (NOS)/MAN (TOS) 


RESULT = 0 


UNPACK 
TOS & NOS 


EXP (TOS) = 
EXP (TOS) — 127; 


EXP (NOS) = 
EXP (NOS) — 12719 


EXP = 


EXP (NOS) — EXP (TOS) 
SET 


STATUS 


STATUS 
SET 
OVERFLOW 


EXP = 
EXP + 12719 





Figure 3. Conceptua 


-CHSD 


CHANGE SIGN DOUBLE PRECISION — 


7 6 5 4 3 2 1. 0 
Binary Coding: [SRE| 0 | 1 | 0 | 1 | 1 | 0 | 1 


Hex Coding: AD IF SRE = 1 

2D IF SRE = 0 
Execution Time: See Table 2 
Description: , 
The sign of the double precision TOS operand A is com- 
plemented. The double precision result R is returned to TOS. If 
the double precision operand A is zero, then the sign is not 
affected. The status bit S and Z indicate the sign of the result and if 
the result is zero. The status bits U, V and D are always cleared to 
zero. 
Status Affected: S, Z. (U, V, D always zero.) 


STACK CONTENTS 
BEFORE AFTER 


LEFT SHIFT 
MAN 





| Floating-Point Division. 
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CHSS 


CHANGE SIGN SINGLE PRECISION 


7 6 5 4 3 2 1 0 
Binary Coding: |sReE] 0 | o {0 | 0 | 1 | 0 | 1 | 
Hex Coding: 85 IF SRE = 1 

05 IF SRE = 0 
Execution Time: See Table 2 
Description: 
The sign of the single precision operand A at TOS is com- 
plemented. The single precision result Ris returned to TOS. Ifthe 
exponent field of A is zero, all bits of R will be zeros. The status 
bits S and Z indicate the sign of the result and if the result is zero. 


The status bits U, V and D are cleared to zero. 
Status Affected: S, Z. (U, V, D always zero.) 


STACK CONTENTS 
BEFORE 
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CLR 


CLEAR STATUS 


i 6 5 4 3 2 1 0 

Binary Coding:|sRE| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 
Hex Coding: 80 IF SRE = 1 

00 IF SRE = 0 
Execution Time: 4 clock cycles 
Description: 
The status bits S, Z, D, U, V are cleared to zero. The stack is not 
affected. This essentially is a no operation command as far as 
operands are concerned. . 


Status Affected: S, Z, D, U, V always zero. 


DADD 


DOUBLE PRECISION FLOATING-POINT ADD 


7 6 5 4 3 2 1 0 
pinary Coan: [Sr 0 [+] 0[+[0]o] 1 


AQ IF SRE = 1 

29 IF SRE = 0 

Execution Time: See Table 2 

Description: 

The double precision operand A from TOS is added to the double 
precision operand B from NOS. The result is rounded to obtain 
the final double precision result R which is returned to TOS. The 
status bits S, Z, U and V are affected to report sign of the result, if 
the result is zero, exponent underflow and exponent overflow 
respectively. The status bit D will be cleared to zero. 


Status Affected: S, Z, U, V. (D always zero.) 


Hex Coding: 


STACK CONTENTS 
AFTER 


_ Undefined 


BEFORE 


NOS 





DSUB 


DOUBLE PRECISION 
FLOATING-POINT SUBTRACT 


7 6 5 4 3 2 1 0 

Binary Coding: [SRE] 0 [1] o[1] 0] +1] 0 
Hex Coding: AAIF SRE = 1 

2A IF SRE = 0 
Execution Time: See Table 2 
Description: 
The double precision operand A at TOS is subtracted from the 
double precision operand B at NOS. The result is rounded to 
obtain the final double precision result R which is returned to 
TOS. The status bits S, Z, U and V are affected to report sign of 
the result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit D will be cleared to zero. 


_ Status Affected: S, Z, U, V. (D always zero.) 


STACK CONTENTS 


BEFORE AFTER 


DMUL 


DOUBLE PRECISION 
FLOATING-POINT MULTIPLY 


| 7 6 5 4 3 2 1 40 
Binary Coding: sre) 0 | 1 | 0 | 1] oj 4 | 1 


Hex Coding: ABIF SRE = 1 
2B IF SRE = 0 
Execution Time: See Table 2 


Description: 

The double precision operand A from TOS is multiplied by the 
double precision operand B from NOS. The result is rounded to 
obtain the final double precision result R which is returned to 
TOS. The status bits S, Z, U and V are affected to report sign of 
the result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit D will be cleared to zero. 


Status Affected: S, Z, U, V. (D always zero.) 


STACK CONTENTS 


BEFORE AFTER - 


Undefined 
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DDIV 


DOUBLE PRECISION 
FLOATING-POINT DIVIDE 


7? 6 S&S & @. & 4 -% 
Binary Code: |sRE| 0 | 1 | 0 | 1 [1 | 0 | 0 | 


Hex Coding: AC IF SRE = 1 

2C IF SRE = 0 
Execution Time: See Table 2 
Description: 


The double precision operand B from NOS is divided by the 
double precision operand A from TOS. The result (quotient) is 
rounded to obtain the final doublo precision result R which is 
returned to TOS. The status bits, S, Z, D, U and V are affected to 
report sign of the result, if the result is zero, attempt to divide by 
zero, exponent underflow and exponent overflow respectively. 


Status Affected: S, Z, D, U, V 


STACK CONTENT 


BEFORE AFTER 
Tos —e{ A (ese noe 


Note: If A is zero, then R = B (Divide exception). 


SADD 


SINGLE PRECISION FLOATING-POINT ADD 


7 6 5 4 3 2 1 0 
Binary Coding: |sRE| 0 | 0 | o | 0 | o | o | 1 |. 


Hex Coding: 81IF SRE = 1 

01 IF SRE = 0 
Execution Time: See Table 2 
Description: 


The single precision operand A from TOS is added to the single 
precision operand B from NOS. The result is rounded to obtain 
the final single precision result R which is returned to TOS. The 
status bits S, Z, U and V are affected to report the sign of the 
result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit D will be cleared to zero. 


Status Affected: S, Z, U, V. (D always zero.) 


STACK CONTENT 
BEFORE 
TOS 
NOS 





7 a Sa 
ies 





Undefined 
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SSUB 


SINGLE PRECISION 
FLOATING-POINT SUBTRACT 


7 6 5 4 3 2 1 0 

Binary Coaing:(sne] 0 | 0 | 0] 0] 0 [1 [0 
Hex Coding: 82 1F SRE = 1 

02 IF SRE = 0 
Execution Time: See Table 2 
Description: 
The single precision operand A at TOS is subtracted from the 
single precision operand B at NOS. The result is rounded to 
ebtain the final single precision result R which is returned to TOS. 
The status bits S, Z, U and V are affected to report the sign of the 
result, if the result is zero, exponent underflow and exponent 
overflow respectively. The status bit D will be cleared to zero. 


Status Affected: S, Z, U, V. (D always zero.) 


STACK CONTENTS 
BEFORE 


Undefined 


SINGLE PRECISION 
FLOATING-POINT MULTIPLY 


7 6 5 4 3 2 1 0 

Binary Coding: SAE] 0 [0] o[o]o[1|1, 
Hex Coding: 83IF SRE = 1 

03 IF SRE = 0 
Execution Time: See Table 2 
Description: 
The single precision operand A from TOS is multiplied by the 
single precision operand B from NOS. The result is rounded to 
obtain the final single precision result R which is returned to TOS. 
The status bits S, Z, U and V are affected to report the sign of the 
result, if the result is zero, exponent underflow and exponent 
overfiow respectively. The status bit D will be cleared to zero. 


Status Affected: S, Z, U, V. (D always zero.) 


STACK CONTENTS 
BEFORE 


Undefined 
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SDIV 


SINGLE PRECISION 
FLOATING-POINT DIVIDE 


7 6 5 4 3 2 1 0 

Binary Coding: [SRE] 0 | 0] 0 | 0] 1] 0] 0 
Hex Coding: 84 IF SRE = 1 

04 IF SRE = 0 
Execution Time: See Table 2 
Description: 
The single precision operand B from NOS is divided by the 
single precision operand A from TOS. The result (quotient) is 
rounded to obtain the final result R which is returned to TOS. 
The status bits S, Z, D, U and V are affected to report the sign of 
the result, if the result is zero, attempt to divide by zero, expo- 
nent underflow and exponent overflow respectively. 


Status Affected: S, Z, D, U, V 


STACK CONTENTS 


eee note) 
a 


BEFORE 


Undefined 


Note: If exponent field of A is zero then R = B (Divide exception). 





POPS 


POP STACK SINGLE PRECISION 


7 6 5 4 3 2 1 0 
binary Coding: SRE| oT of o]o[+]1]+ 


87 IF SRE = 1 

07 IF SRE = 0 

Execution Time: See Table 2 

Description: 

The single precision operand A is popped from the stack. The 
internal stack control mechanism is such that A will be written at 
the bottom of the stack. The status bits S and Z are affected to 


Hex Coding: 


report the sign of the new operand at TOS and if it is zero, 


respectively. The status bits U, V and D will be cleared to zero. 
Note that only the exponent field of the new TOS is checked for 
zero, if it is zero status bit Z will set to 1. 


Status Affected: S, Z. (U, V, D always zero.) 


STACK CONTENTS 
BEFORE 
TOS 
NOS 
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PTOD 


PUSH STACK DOUBLE PRECISION 


7 6 


5 4 3 2 1 0 

Binary Coding: |sRe| 0 | 1 {| 0 | 1 | + | 1 | 0 | 

Hex Coding: AE IF SRE = 1 

2E IF SRE = 0 

Execution Time: See Table 2 
Description: 
The double precision operand A from the TOS is pushed back on 
to the stack. This is effectively a duplication of A into two con- 
secutive stack locations. The status S and Z are affected to report 
sign of the new TOS and if the new TOS is zero respectively. The 
status bits U, V and D will be cleared to zero. 


Status Affected: S, Z. (U, V, D always zero.) 


STACK CONTENTS 


BEFORE AFTER 
[ks ef 
[ef Nos—f 


PTOS 


PUSH STACK SINGLE PRECISION 


7 6 5 4 3 2 1 0 
Binary Coding: sRE| 0 | 0 | 0 | o | + | + | 0 | 


Hex Coding: 86 IF SRE = 1 

06 IF SRE = 0 
Execution Time: See Table 2 
Description: 


This instruction effectively pushes the single precision operand 
from TOS on to the stack. This amounts to duplicating the 


_ operand at two locations in the stack. However, if the operand at 


TOS prior to the PTOS command has only its exponent field as 
zero, the new content of the TOS will all be zeroes. The contents 
of NOS will be an exact copy of the old TOS. The status bits S 
and Z are affected to report the sign of the new TOS and if the 
content of TOS is zero, respectively. The status bits U, V and D 
will be cleared to zero. 


Status Affected: S, Z. (U, V, D always zero.) 
STACK CONTENTS 


A See note 
ny ce 
Saat Sa 


BEFORE 
TOS 
NOS 





Note: A* = A if Exponent field of A is not zero. 
A* = 0 if Exponent field of A is zero. 


Am9512 
MAXIMUM RATINGS beyond which useful life may be impaired 














Storage Temperature —65°C to +150°C 
Ambient Temperature Under Bias —55°C to + 125°C 
VDD with Respect to VSS —0.5V to +15.0V 
VCC with Respect to VSS —0.5V to +7.0V 
All Signal Voltages with Respect to VSS -0.5V to +7.0V 
Power Dissipation (Package Limitation) 2.0W 


The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 


OPERATING RANGE 
Part Number Ambient Temperature vcc VDD 


‘VSS 
Am9512DC 0°C < Ty, < +70°C +5.0V +5% +12V +5% 
Am9512DM 55°C < Ta < +125°C +5.0V +10% +12V +10% 





ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1) 
Parameters Description Test Conditions Min. Typ. Max. Units 




















VOL Output LOW Voltage 
VIH Input HIGH Voltage ee eal 


IX Input Load Current VSS < VI < VCC 


Data Bus Leakage VO = 0.4V 
VO = VCC 


Ta = +25°C 
Ta = -55°C 


Ta = +25°C 
Ta = o°c 
Ta = -55°C 


© 






VCC Supply Current 









oO 
oO 


VDD Supply Current 








pa It 
—_ 
io] 










Output Capacitance 













— 
oO 


@ 


Input Capacitance fc = 1.0MHz, Inputs = OV 


I/O Capacitance 








= 
(>) 
ine) 


pF 
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Am9512 
SWITCHING CHARACTERISTICS 









Am9512DC Am9512-1DC 
Parameters Description Min Max Min Max Units 
[rapw  [EACKLOWPusewan SS SCd?SCtOCOdSSSCSC*d 
[Toon | ci ABLowsetwtime ST TCS 
Prcow | cBtownuowsetuptime ————S«d|~Sd| Cd SC 
TOP [Clock Pulse HIGH With SSSSSSCSC*SC TSS 
Prot | CockPusevowwah ——SSSSCSC~‘iSCiaSYSCSSCSC*dCiétO CS 
[Tosp | CSLowt PAUSE LOW Delay Notws) S| tse «| SiC 
Prosh[CStoROLoWsewtime Sd Cd SCLC 
PTosw | CStowiwWRLowsetuptime S| OCT 
TOW | DataVaidtoWRHIGHDeay |S] 
TEHPHA | END HIGH io PAUSE HIGH Data Reed when Busy | ___—_—=*isTovre0o| —~(| seTGY +200 
CTEHPHW | END HIGH io PAUSE HIGH Wie when Busy «| —S«| Seo 
Pieew [EnowcHPusewamh SSSC*dY=CttSTSCsT CS 





3.5TCY+50 | 5.STCY+300 | 3.5TCY+50 | 5.5TCY+200 


1.5TCY+50 | 3.5TCY+300 | 1.5TCY+50 | 3.5TCY+200 


| Data See Table 2 
END HIGH to PA R hen Bus 
0 PAUSE HIGH Read wnen BUSY TStatus | 1.5TCY+50 | B5TCY+300 | 1.5TCY+50 | 3STCY+200 


PAUSE LOW Pulse Width Write when Not Busy od TCSW+50 a TCSW+50 


PAUSE LOW Pulse Width Write when Busy See Table 2 
PAUSE HIGH to Read HIGH Hold Time 
PAUSE HIGH to Write HIGH Hold Time 
TRCD D HIGH to C/D Hold Time 

TRCS RD HIGH to CS HIGH Hold Time 

TRO D LOW to Data Bus On Delay 

TRZ RD HIGH to Data Bus Off Delay 
TSAPW SVACK LOW Pulse Width 

TSAR SVACK LOW to SVREQ LOW Delay 


TWCD WR HIGH to C/D Hold Time 


TPPWR_ | PAUSE LOW Pulse Width Read 





TPPWRB 





TPPWW 
TPPWWB 








4 
U 
8) 





4 
Uv 
= 


DD 






m8) 


ol 





TWCS WR HIGH to CS HIGH Hold Time | 
TWD ‘WR HIGH to Data Bus Hold Time 
NOTES: Book wd 
1. Typical values are for T, = 25°C, nominal supply voltages 4. END HIGH pulse width is specified for EACK tied to VSS. 
and nominal processing parameters. Otherwise TEAE applies. 
2. Switching parameters are listed in alphabetical order. 5. PAUSE is pulled low for both command and data operations. 
3. Test conditions assume transition times of 20ns or less, out- 6. TEX is the execution time of the current command (see the 
put loading of one TTL gate plus 100pF and timing reference Command Execution Times table). 


levels of 0.8V and 2.0V. 
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TIMING DIAGRAMS 


READ OPERATION 


TCPH 
CLK \ 
TCPL 


RD TACS 
TCDR TRCD 


TCSR TBR — 


TRO TRZ 
cs 
TPPWR 
PAUSE 


D0-D1 a... GER —s me 
—————— 
$$$ 

ciD { ) 
—$—$——— ED 


MOS-208 


OPERAND READ WHEN Am9512 IS BUSY 


TCSR TPR TRCS 


r, 


TRCD 


i 





XK KKK) SSG Ons XX | a 
re _® XXXXXXKXXXXKEK) Wataasennteen ne 


c/6 


TEHPHR 
END 


— 


MOS-209 
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TIMING DIAGRAMS (Cont.) 


OPERAND ENTRY 





WR 
TWCS 
TCSW TWCD 
— Y 
cs 
PAUSE 
TWO 


DO-D7 





MOS-210 


COMMAND OR DATA WRITE WHEN Am9512 IS BUSY 





WR 
TCSW Twcs 
cs 
TCSP TPW 
TPPWWB 
PAUSE 
ee TWD 
- an 
TEHPHW 
END . 
eT 
MOS-211 
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TIMING DIAGRAMS (Cont.) 


COMMAND INITIATION 


TPW 


2 ae 
DATA VALID SS 


TWCD 








Am25LS138 






G1 
G2A 
G2B 







+12V +5V 







__Voo Yee 
cs 












c/D 





Am8085 Am9512 






ADO-AD7 DBO-DB7 






RST6.5 






RST55 cL OUT 
READY Reset OUT 





Figure 1. Am9512 to Am8085 Interface. 
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Am9517A 


Multimode DMA Controller 


DISTINCTIVE CHARACTERISTICS 


@ Four independent DMA channels, each with separate reg- 


isters for Mode Control, Current Address, Base Address, 
Current Word Count and Base Word Count. 

Transfer modes: Block, Demand, Single Word, Cascade 
Independent autoinitialization of all channels 
Memory-to-memory transfers 

Memory block initialization 

Address increment or decrement 

Master system disable 

Enable/disable control of individual DMA requests 

Directly expandable to any number of channels 

End of Process input for terminating transfers 

Software DMA requests 

Independent polarity control for DREQ and DACK signals 
Compressed timing option speeds transfers — up to 2M 
words/second 

+5 volt power supply 

Advanced N-channel silicon gate MOS technology 

40 pin Hermetic DIP package 

100% MIL-STD-883 reliability assurance testing 


GENERAL DESCRIPTION 


The Am9517A Multimode Direct Memory Access (DMA) Con- 
troller is a peripheral interface circuit for microprocessor sys- 
tems. It is designed to improve system performance by allowing 
external devices to directly transfer information to or from the 
system memory. Memory-to-memory transfer capability is also 
provided. The Am9517A offers a wide variety of programmable 
control features to enhance data throughput and system opti- 
mization and to allow dynamic reconfiguration under program 
control. 


The Am9517A is designed to be used in conjunction with an ex- 
ternal 8-bit address register such as the Am74LS373. It con- 
tains four independent channels and may be expanded to any 
number of channels by cascading additional controller chips. 


The three basic transfer modes allow programmability of the 
types of DMA service by the user. Each channel can be indi- 
vidually programmed to Autoinitialize to its original condition 
following an End of Process (EOP). 


~ £ach channel has a full 64K address and word count capability. 


An external EOP signal can terminate a DMA or memory-to- 
memory transfer. This is useful for block search or compare 
operations using external comparators or for intelligent peri- 
pherals to abort erroneous services. 





BLOCK DIAGRAM 


| s«dDECREMENTOR —_—i| 


16 BIT BUS 














| INC/DECREMENTOR ECREM | INC/DECREMENTOR 


TEMP WORD TEMP ADDRESS 
COUNT REG (16) REG (16) 








AO- — 
1/0 BUFFER 































cs 16 BIT BUS 
4. 
READY OUTPUT ACAI 
BUFFER ee 
CLOCK TIMING READ BUFFER READ/WRITE BUFFER 
AEN AND 
CONTROL CURRENT | CURRENT 
ADSTB ADDRESS ven 
peas COUNT 
MEMR (16) 
MEMW 
ion COMMAND 
CONTROL 
iow 
WRITE BUFFER [reapurren BUFFER 
P DB0-DB7 
VOBUFFER K 
DREQO-DREQ3 SAY. COMMAND (8) INTERNAL BUS /0 
HACK ENCODER 
ANO 
HREQ ROTATING 
4 PRIORITY 
DACKO-DACK3 = 





LOGIC :— ; a 
REQUEST | eaves) 


MODE STATUS (8) TEMPORARY (8) 
(4X6) 





MOS-033 ° 


ORDERING INFORMATION 





Hermetic DIP/ 
Molded DIP 


Package nee Clock aa es 
Type Ambient Temperature | = 3MHz_— 
° 2 AM9517ADC/PC : 
0°C < Tag S +70°C AM9517A- peneras AM9517A-4DC/PC 


Hermetic DIP —56°C <= Ta <= +125°C | AM9517ADM 
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CONNECTION DIAGRAM 


m—}1 @ 
[2 
rT} 3 
Th 4 
I} 5 
__|6 
rT] 7 
[| 8 


| 49 327 | 
[_J10 Am9517A 31[F 


[| tt 
| _f 12 
Ly 13 
| 14 
| 15 
|__§ 16 
17 
|_| 18 
| 419 
| 4 20 


RESET 
DACK2 
DACK3 
DREQ3 
DREQ2 
DREQ1 
DREQO 

(GND) vss. 


40{_] 
339] 
38 [| 
37 [[] 
36 [[] 
35 Tf] 
4 
33 [7] 


VCC (+5V) 
30 [7] DBO 
29 [| DBt 
28 ] DB2 
27 1 DB3 
261 J DB4 
25 -_] 

24 |_| 

23 L__] 

22 [_] 

21] 


Top View 
Pin 1 is marked for orientation. 


Figure 1. 


INTERFACE SIGNAL DESCRIPTION 


VCC: +5 Volt Supply 
VSS: Ground 


CLK (Clock, Input) 


This input controls the internal operations of the Am9517A and 
its rate of data transfers. The input may be driven at up to 3MHz 
for the standard Am9517A and up to 4MHz for the Am9517A-4. 


CS (Chip Select, Input) 

Chip Select is an active low input used to select the Am9517A as 
an I/O device during an I/O Read or I/O Write by the host CPU. 
This allows CPU communication on the data bus. During multi- 
ple transfers to or from the Am9517A by the host CPU, CS may 


be held low providing IOR or IOW is toggled following each 
transfer. 


RESET (Reset, Input) 


Reset is an asynchronous active high input which clears the 
Command, Status, Request and Temporary registers. It also 
clears the first/last flip/flop and sets the Mask register. Following 
a Reset the device is in the Idle cycle. 


READY (Ready, Input) 


Ready is an input used to extend the memory read and write 
pulses from the Am9517A to accommodate slow memories or 
I/O peripheral devices. 


HACK (Hold Acknowledge, Input) 

The active high Hold Acknowledge from the CPU indicates that 
control of the system buses has been relinquished. 
DREQO-DREQ3 (DMA Request, Input) 


The DMA Request lines are individual asynchronous channel 
request inputs used by peripheral circuits to obtain DMA service. 
In Fixed Priority, DREQO has the highest priority and DREQ3 
has the lowest priority. Polarity of DREQ is programmable. 
Reset initializes these lines to active high. 


DBO-DB7 (Data Bus, Input/Output) 


The Data Bus lines are bidirectional three-state signals con- 
nected to the system data bus. The outputs are enabled during 
the I/O Read by the host CPU, permitting the CPU to examine 


the contents of an Address register, the Status register, the 
Temporary register or a Word Count register. The Data Bus is 
enabled to input data during a host CPU I/O write, allowing the 
CPU to program the Am9517A control registers. During DMA 
cycles the most significant eight bits of the address are output 
onto the data bus to be strobed into an external latch by ADSTB. 
In memory-to-memory operations data from the source memory 
location comes into the Am9517A’s Temporary register on the 
read-from-memory half of the operation. On the write-to-memory 
half of the operation, the data bus outputs the Temporary regis- 
ter data into the destination memory location. 


1OR (V/O Read, Input/Output) 


I/O Read is a bidirectional active low three-state line. In the Idle 
cycle, it is an input control signal used by the CPU to read the 
control registers. In the Active cycle, it is an output control signal 
used by the Am9517A to access data from a peripheral during a 
DMA Write transfer. 


IOW (I/O Write, Input/Output) 


I/O Write is a bidirectional active low three-state line. In the Idle 
cycle it is an input control signal used by the CPU to load infor- 
mation into the Am9517A. In the Active cycle it is an output 
control signal used by the Am9517A to load data to the 
peripheral during a DMA Read transfer. 


Write operations by the CPU to the Am9517A require a rising 
WR edge following each data byte transfer. It is not sufficient to 
hold the IOW pin low and toggle CS. 


EOP (End of Process, Input/Output) 


EOP is an active low bidirectional open-drain signal providing 
information concerning the completion of DMA service. When a 
channel's Word Count goes to zero, the Am9517A pulses EOP 
low to provide the peripheral with a completion signal. EOP may 
also be pulled low by the peripheral to cause premature comple- 
tion. The reception of EOP, either internal or external, causes the 
currently active channel to terminate the service, to set its TC bit 
in the Status register and to reset its request bit. If Autoinitial- 
ization is selected for the channel, the current registers will be 
updated from the base registers. Otherwise the channel's mask 
bit will be set and the register contents will remain unaltered. ' 
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During memory-to-memory transfers, EOP will be output when 
the TC for channel 1 occurs. EOP always applies to the channel 
with an active DACK; external EOPS are disregarded in 
DACKO-DACKS are all inactive. 


Because EOP is an open-drain signal, an external pullup resis- 
tor is required. Values of 3.3K or 4.7K are recommended; the 
EOP pin can not sink the current passed by a 1K puilup. 


A0O-A3 (Address, Input/Output) 


The four least significant address lines are bidirectional 3-state 
signals. During DMA Idle cycles they are inputs and allow the 
host CPU to load or read control registers. When the DMA is 
active, they are outputs and provide the lower 4-bits of the out- 
put address. 


A4-A7 (Address, Output) 


The four most significant address lines are three-state outputs 
and provide four bits of address. These lines are enabled only 
during DMA service. 


HREQ (Hold Request, Output) 


The Hold Request to the CPU is used by the DMA to request 
control of the system bus. Software requests or unmasked 
DREQs cause the Am9517A to issue HREQ. 


DACK0-DACK3 (DMA Acknowledge, Output) 


The DMA Acknowledge lines indicate that a channel is active. In 
many systems they will be used to select a peripheral. Only one 
DACK will be active at a time and none will be active unless the 
DMA is in control of the bus. The polarity of these lines is pro- 
grammable. Reset initializes them to active-low. 


AEN (Address Enable, Output) 


Address Enable is an active high signal used to disable the 
system bus during DMA cycles to enable the output of the exter- 
nal latch which holds the upper byte of the address. Note that 
during DMA transfers HACK and AEN should be used to de- 
select all other I/O peripherals which may erroneously be acces- 
sed as programmed 1|/O during the DMA operation. The 
Am9517A automatically deselects itself by disabling the CS 
input during DMA transfers. 


ADSTB (Address Strobe, Output) 


The active high Address Strobe is used to strobe the upper 
address byte from DB0-DB7 into an external latch. 


MEMR (Memory Read, Output) 


The Memory Read signal is an active low three-state output 
used to access data from the selected memory location during a 
memory-to-peripheral or a memory-to-memory transfer. 





16 bits 
16 bits 
16 bits 
16 bits 
16 bits 
16 bits 
8 bits 
8 bits 
8 bits 
6 bits: 
4 bits 
4 bits 


Base Address Registers 

Base Word Count Registers 
Current Address Registers 
Current Word Count Registers 
Temporary Address Register 
Temporary Word Count Register 
Status Register 

Command Register 

Temporary Register 

Mode Registers 

Mask Register 

Request Register 


4 
4 
4 
4 
1 
1 
1 
1 
1 
4 
1 
1 


Figure 2. Am9517A Internal Registers. 





MEMW (Memory Write, Output) 


The Memory Write signal is an active low three-state output 
used to write data to the selected memory location during a 
peripheral-to-memory or a memory-to-memory transfer. 


FUNCTIONAL DESCRIPTION 


The Am9517A block diagram includes the major logic blocks and 
all of the internal registers. The data interconnection paths are 
also shown. Not shown are the various control signals between 
the blocks. The Am9517A contains 344 bits of internal memory 
in the form of registers. Figure 2 lists these registers by name 
and shows the size of each. A detailed description of the regis- 
ters and their functions can be found under Register Description. 


The Am9517A contains three basic blocks of control logic. The 
Timing Control block generates internal timing and external 
control signals for the Am9517A. The Program Command Con- 
tro! block decodes the various commands given to the Am9517A 
by the microprocessor prior to servicing a DMA Request. It also 
decodes each channel's Mode Control word. The Priority En- 
coder block resolves priority contention among DMA channels 
requesting service simultaneously. | 


The Timing Control block derives internal timing from the clock 
input. In Am9080A systems this input will usually be the ¢2 TTL 
clock from an Am8224. However, any appropriate system clock 
will suffice. 


DMA Operation 


The Am9517A is designed to operate in two major cycles. These 
are Called Idle and Active cycles. Each device cycle is made up 
of a number of states. The Am9517A can assume seven sepa- 
rate states, each composed of one full clock period. State 1 (S1) 
is the inactive state. It is entered when the Am9517A has no 
valid DMA requests pending. While in S1, the DMA controller is 
inactive but may be in the Program Condition, being program- 
med by the processor. State 0 (SO) is the first state of a DMA 
service. The Am9517A has requested a hold but the processor 
has not yet returned an acknowledge. An acknowledge from the 
CPU will signal that transfers may begin. $1, S2, S3 and S4 are 
the working states of the DMA service. If more time is needed to 
complete a transfer than is available with normal timing, wait 
states (SW) can be inserted before S4 by the use of the Ready 
line on the Am9517A. 


Memory-to-memory transfers require a read-from and a 
write-to-memory to complete each transfer. The states, which 
resemble the normal working states, use two digit numbers for 
identification. Eight states are required for each complete 
transfer. The first four states (S11, S12, S13, S14) are used for 
the read-from-memory half and the last four states (S21, $22, 
$23 and S24) for the write-to-memory half of the transfer. The 
Temporary Data register is used for intermediate storage of the 
memory byte. 


IDLE Cycle 


When no channel is requesting service, the Am9517A will enter 
the Idle cycle and perform “S1” states. In this cycle the 
Am9517A will sample the DREQ lines every clock cycle to de- 
termine if any channel is requesting a DMA service. The device 
will also sample CS, looking for an attempt by the microproces- 
sor to write or read the internal registers of the Am9517A. When 
CS is low and HACK is low the Am9517A enters the Program 
Condition. The CPU can now establish, change or inspect the 
internal definition of the part by reading from or writing to the 
internal registers. Address lines AO-A3 are inputs to the device 
and select which registers will be read or written. The IOR and. 
IOW lines are used to select and time reads or writes. Due to the 
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number and size of the internal registers, an internal flip/flop is 
used to generate an additional bit of address. This bit is used to 
_ determine the upper or lower byte of the 16-bit Address and 
Word Count registers. The flip/flop is reset by Master Clear or 
Reset. A separate software command can also reset this flip/ 
flop. 


Special software commands can be executed by the Am9517A_ 


in the Program Condition. These commands are decoded as 
sets of addresses when both CS and IOW are active and do not 
make use of the data bus. Functions include Clear First/Last 
Flip/Flop and Master Clear. 7 


ACTIVE CYCLE 


When the Am9517A is in the Idle cycle and a channel requests a 
DMA service, the device will output a HREQ to the micropro- 
cessor and enter the Active cycle. It is in this cycle that the DMA 
_ service will take place, in one of four modes: 


Single Transfer Mode: In Single Transfer mode, the Am9517A 
will make a one-byte transfer during each HREQ/HACK hand- 
shake. When DREQ goes active, HREQ wilkgo active. After the 
CPU responds by driving HACK active, a one-byte transfer will 
take place. Following the transfer, HREQ will go inactive, the 
word count will be decremented and the address will be either 
incremented or decremented. When the word count goes to zero 
a Terminal Count (TC) will cause an Autoinitialize if the channel! 
has been programmed to do so. 


To perform a single transfer, DREQ must be held active only 
until the corresponding DACK goes active. If DREQ is held con- 
tinuously active, HREQ will go inactive following each transfer 
and then will go active again and a new one-byte transfer will be 
made following each rising ‘edge of HACK. In 8080A/9080A 
systems this will ensure one full machine cycle of execution 
between DMA transfers. Details of timing between the Am9517A 
and other bus control protocols will depend upon the charac- 
teristics of the microprocessor involved. 


Block Transfer Mode: In Block Transfer mode, the Am9517A 
will continue making transfers until a TC (caused by the word 
count going to zero) or an external End of Process (EOP) is 
encountered. DREQ need be held active only until DACK be- 
comes active. An autoinitialize will occur at the end of the ser- 
vice if the channel has been programmed for it. 


Demand Transfer Mode: In Demand Transfer mode the de- 
vice will continue making transfers unti] a TC or external EOP is 
encountered or until DREQ goes inactive. Thus, the device re- 
questing service may discontinue transfers: by bringing DREQ 
inactive. Service may be resumed by asserting an active DREQ 
once again. During the time between services when the micro- 
processor is allowed to operate, the intermediate values of ad- 
dress and word count may be read from the Am9517A Current 
Address and Current Word Count registers. Autoinitialization will 
only occur following a TC or EOP at the end of service. Follow- 
ing Autoinitialization, an active-going DREQ edge is required to 
initiate a new DMA service. 


Cascade Mode: This mode is used to cascade more than one 
Am9517A together for simple system expansion. The HREQ and 
HACK signals from the additional Am9517A are connected to 
the DREQ and DACK signals of a channel of the initial 
Am9517A. This allows the DMA requests of the additional device 
to propagate through the priority network circuitry of the pre- 
ceding device. The priority chain is preserved and the new de- 
vice must wait for its turn to acknowledge requests. Since the 
cascade channel in the initial device is used only for prioritizing 
the additional device, it does not output any address or control 
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signals of its own. These would conflict with the outputs of the 
active channel in the added device. The Am9517A will respond 
to DREQ with DACK but all other outputs except HREQ will be 
disabled. 


Figure 3 shows two additional devices cascaded into an initial 
device using two of the previous channels. This forms a two 
level DMA system. More Am9517As could be added at the sec- 
ond level by using the remaining channels of the first level. 
Additional devices can also be added by cascading into the 
channels of the second level devices forming a third level. 


2ND LEVEL 















1ST LEVEL Am9517A 


HREQ DREQ HREQ 
HOLD ACK 
HACK DACK HACK 





MICROPROCESSOR 










Am9517A 


DREQ HREQ 
DACK HACK 





INITIAL DEVICE Am9517A 


ADDITIONAL 
DEVICES 
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Figure 3. Cascaded Am9517As. 


_ TRANSFER TYPES 


Each of the three active transfer modes can perform three dif- 
ferent types of transfers. These are Read, Write and Verify. 
Write transfers move data from an I/O device to the memory by 
activating IOR and MEMW. Read transfers move data from 
memory to an 1/O device by activating MEMR and IOW. Verify 
transfers are pseudo transfers; the Am9517A operates as in 
Read or Write transfers generating addresses, responding to 
EOP, etc., however, the memory and 1/O contro! lines remain 
inactive. 








Memory-to-Memory: The Am9517A includes a block move 
capability that allows blocks of data to be moved from one mem- 
ory address space to another. When Bit CO in the Command 
register is set to a logical 1, channels 0 and 1 will operate as 
memory-to-memory transfer channels. Channel 0 forms the 
source address and channel 1 forms the destination address. 
The channel 1 word count is used. A memory-to-memory trans- 
fer is initiated by setting a software DMA request for channel 0. 
Block Transfer Mode should be used for memory-to-memory. 
When channel 0 is programmed for a fixed source address, a 
single source word may be written into a block of memory. 


When setting up the Am9517A for memory-to-memory opera- 
tion, it is suggested that both channels 0 and 1 be masked out. 
Further, the channel 0 word count should be initialized to the 
same value used in channel 1. No DACK outputs will be active 
during memory-to-memory transfers. 


The Am9517A will respond to external EOP signals during 
memory-to-memory transfers. Data comparators in block search 
schemes may use this input to terminate the service when a 
match is found. The timing of memory-to-memory transfers may 
be found in Timing Diagram 4. 
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Autointialize: By programming a bit in the Mode register a 
channel may be set up for an Autoinitialize operation. During 
Autoinitialization, the original values of the Current Address and 
Current Word Count registers are automatically restored from 
the Base Address and Base Word Count registers of that chan- 
nel following EOP. The base registers are loaded simultane- 
ously with the current registers by the microprocessor and re- 
main unchanged throughout the DMA service. The mask bit is 
not set by EOP when the channel is in Autoinitialize. Following 
Autoinitialize the channel is ready to repeat its service without 
CPU intervention. 


Priority: The Am9517A has two types of priority encoding 
available as software selectable options. The first is Fixed Prior- 
ity which fixes the channels in priority order based upon the 
descending value of their number. The channel with the lowest 
priority is 3 followed by 2, 1 and the highest priority channel, 0. 


The second scheme is Rotating Priority. The last channel to get 
service becomes the lowest priority channel with the others 
rotating accordingly. With Rotating Priority in a single chip DMA 
system, any device requesting service is guaranteed to be rec- 
ognized after no more than three higher priority services have 
occurred. This prevents any one channel from monopolizing the 
system. 


1st Service 2nd Service 3rd Service 
highest 0 2 ~a— service 3 —=-— service 
1 <— service 3 ~—— request 0 
2 Qo , 
lowest 3 1 2 


The priority encoder selects the highest priority channel re- 
questing service on each active-going HACK edge. Once a 
channel is started, its operation will not be suspended if a re- 
quest is received by a higher priority channel. The high priority 


channel will only gain contro! after the lower priority channel 


releases HREQ. When control is passed from one channel to 
another, the CPU will always gain bus control. This ensures 
generation of rising HACK edge to be used to initiate selection of 
the new highest-priority requesting channel. 


Compressed Timing: In order to achieve even greater 
throughput where system characteristics permit, the Am9517A 
can compress the transfer time to two clock cycles. From Timing 
Diagram 3 it can be seen that state S3 is used to extend the 
access time of the read pulse. By removing state S3 the read 
pulse width is made equal to the write pulse width and a transfer 
consists only of state S2 to change the address and state S4 to 
perform the read/write. S1 states will still occur when A8-A15 
need updating (see Address Generation). Timing for compres- 
sed transfers is found in Timing Diagram 6. 


Address Generation: In order to reduce pin count, the 
Am9517A multiplexes the eight higher order address bits on the 
data lines. State S1 is used to output the higher order address 


bits to an external latch from which they may be placed on the 
address bus. The falling edge of Address Strobe (ADSTB) is 
used to load these bits from the data lines to the latch. Address 
Enable (AEN) is used to enable the bits onto the address bus 
through a 3-state enable. The lower order address bits are out- 
put by the Am9517A directly. Lines AO-A7 should be connected 
to the address bus. Timing Diagram 3 shows the time relation- 
ships between CLK, AEN, ADSTB, DBO-DB7 and A0-A7. 


During Block and Demand Transfer mode services which in- 
clude multiple transfers, the addresses generated will be se- 
quential. For many transfers the data held in the external ad- 
dress latch will remain the same. This data need only change 
when a Carry or borrow from A7 to A8 takes place in the normal 
sequence of addresses. To save time and speed transfers, the 
Am9517A executes S1 states only when updating of A8-A15 in 
the latch is necessary. This means for long services, S1 states 
may occur only once every 256 transfers, a savings of 255 clock 
cycles for each 256 transfers. 


REGISTER DESCRIPTION 


Current Address Register: Each channel has a 16-bit Current 
Address register. This register holds the value of the address 
used during DMA transfers. The address is automatically in- 
cremented or decremented after each transfer and the inter- 
mediate values of the address are stored in the Current Address 
register during the transfer. This register is written or read by the 
microprocessor in successive 8-bit bytes. It may also be 
reinitialized by an Autoinitialize back to its original value. Au- 
toinitialization takes place only after an EOP. 


Current Word Count Register: Each channel has a 16-bit Cur- 
rent Word Count register. This register should be programmed 
with, and will return on a CPU read, a value one less than the 
number of words to be transferred. The word count is dec- 
remented after each transfer. The intermediate value of the word 
count is stored in the register curing the transfer. When the 
value in the register goes to zero, a TC will be generated. This 
register is loaded or read in successive 8-bit bytes by the micro- 
processor in the Program Condition. Following the end of aDMA 
service it may also be reinitialized by an Autoinitialize back to its 
original value. Autoinitialize can occur only when an EOP oc- 
curs. Note that the contents of the Word Count register will be 
FFFF (hex) following on internally generated EOP. 


Base Address and Base Word Count Registers: Each chan- 
nel has a pair of Base Address and Base Word Count registers. 
These 16-bit registers store the original values of their as- 
sociated current registers. During Autoinitialize these values are 
used to restore the current registers to their original values. The 
base registers are written simultaneously with their correspond- 
ing current register in 8-bit bytes during DMA programming by 
the microprocessor. Accordingly, writing to these registers when 
intermediate values are in the Current registers will overwrite the 
intermediate values. The Base registers cannot be read by the 
microprocessor. 
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Command Register: This 8-bit register controls the operation 
of the Am9517A. It is programmed by the microprocessor in the 
Program Condition and is cleared by Reset. The following table 
lists the function of the command bits. See Figure 4 for address 
coding. 


5 4 3 2 1 =O ~——Bit Number 


7 6 
fa ec Ew et GL 


0 Memory-to-memory disable 
1 Memory-to-memory enable 


O Channel O address hold disable 
1 Channel 0 address hold enable 
X If bitO=0 


0 Controller enable 
1 Controller disable 


0 Normal timing 
1 Compressed timing 
X If bitO=1 


O Fixed Priority 
1 Rotating Priority 


0 Late write selection 
1 Extended write selection 
X lf bit 3=1 


0 DREQ sense active high 
1 DREQO sense active low 


0 DACK sense active low 
1 DACK sense active high 


Mode Register: Each channel has a 6-bit Mode register as- 
sociated with it. When the register is being written to by the 
microprocessor in the Program Condition, bits 0 and 1 deter- 
mine which channel Mode register it to be written. 


7 6 5 4 3 2 #1 =O ——Bit Number 


00 Channel 0 select 
01 Channel 1 select 
10 Channel 2 select 
11. Channel 3 select 
00 Verify transfer 

01 Write transfer 

10 Read transfer 

11° WMlegal 

XX If bits 6 and 7 = 11 


O Autoinitialize disable 
1 Autoinitialize enable 


QO Address increment select 
1 Address decrement select 


00 Demand mode select 
01 Single mode select 
10 Block mode select 
11. Cascade mode select, 
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Request Register: The Am9517A can respond to requests for 
DMA service which are initiated by software as well as by a 
DREQ. Each channet has a request bit associated with it in the 
4-bit Request register. These are nonmaskable and subject to 
prioritization by the Priority Encoder network. Each register bit is 
set or reset separately under software control or is cleared upon 
generation of a TC or external EOP. The entire register is 
cleared by a Reset. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for address coding. 


7 6 5 4 3 2 1 =O —-—— Bit Number 





00 Selgct channel O 
01 Select channel 1 
10 Select channei Z. 
11. Select channel! 3 





Don’t Care 


0 Reset request bit 
1 Set request bit 


Software requests will be serviced only if the channel is in Block 
mode. When initiating a memory-to-memory transfer, the 
‘Software request for channel 0 should be set. 


Mask Register: Each channel has associated with it a mask bit 
which can be set to disable the incoming DREQ. Each mask bit 
is set when its associated channel produces an EOP if the 
channel is not programmed for Autoinitialize. Each bit of the 4-bit 
Mask register may also be set or cleared separately under 
software control. The entire register is also set by a Reset. This 
disables all DMA requests until a clear Mask register instruction 
allows them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. See Figure 4 for instruction addressing. 


7 65 4 3 2 1 O —<—Bit Number 


00 


Select channel 0 mask bit 
Don’t Care 


01 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11. Select channel 3 mask bit 


O Clear mask bit 
1 Set mask bit 


All four bits of the Mask Register may also be written with a 
single command. . 


7 6 5 4 3 2 1 =O ——Bit Number 


Clear Channel 0 mask bit 


Don’t 
on't Care 1 Set Channel 0 mask bit 


O Clear Channel 1 mask bit 
1 Set Channel 1 mask bit 


O Clear Channel 2 mask bit 
1 Set Channel 2 mask bit 


O Clear Channel 3 mask bit 
1 Set Channel 3 mask bit 
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Status Register: The Status registers may be read out of the 
Am9517A by the microprocessor. it indicates which channels 
have reached a terminal count and which channels have pend- 
ing DMA requests. Bits 0-3 are set each time a TC is reached by 
that channel, including after each Autoinitialization. These bits 
are cleared by Reset and each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting service. 


5 4 3 2 1 O ~—— Bit Number 


7 66 
lies ieclt ed) po 


Channel 0 has reached TC 
Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 


-=_=a = = — 


Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 


— = = —™ 


Temporary Register: The Temporary register is used to hold 
data during memory-to-memory transfers. Following the com- 
pletion of the transfers, the last word moved can be read by the 
microprocessor in the Program Condition. The Temporary reg- 
ister always contains the last byte transferred in the previous 
memory-to-memory operation, unless cleared by a Reset. 


Software Commands: There are two special software com- — 
mands which can be executed in the Program Condition. They 
do not depend on any specific bit pattern on the data bus. The 
two software commands are: 


Clear First/Last Flip/Flop: This command may be issued prior 
to writing or reading Am9517A address or word count infor- 
mation. This initializes the flip/flop to a known state so that 
subsequent accesses to register contents by the micro- 
processor will address lower and upper bytes in the correct 
sequence. 


Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
Temporary and Internal First/Last Flip/Flop registers are 
cleared and the Mask register is set. The Am9517A will enter 
the Idle cycle. 


Figure 4 lists the address codes for the software commands. 


Interface Signals 


Operation 


1 | o | o | o | o | 1 | Readstatus Register 
pt fo | o | o | 1 | | Write Command Register 


a ee 
ale Oe 
Lae | 
ad ee 
ee ee 
ee] 
ee a 
ae seat) 





Write Single Mask Register Bit 


Write Mode Register 


Clear Byte Pointer Flip/Flop 


Read Temporary Register 


Illegal 
illegal 


Write All Mask Register Bits 


Figure 4. Register and Function Addressing. 
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: . internal Data Bus 
t e) 
Channel Register Peration : Al AO Flip/Flop DBO—DB7 


Zi 
on 
| 
pe ©) 
g 
= 
> 
Ww 
> 


Base & Current 
Address 


Current 
Address 


Base & Current 
Word Count 


Current 
Word Count 


Base & Current 
Address 
Current 
Address 

Base & Current 
Word Count 
Current 

Word Count 


oOo 0o0C€«CtMBlUcUOUlUlUCUCODOUlLUCO 


oo 920 020 °° oo 00 O00 0 090 


Base & Current 
Address 


Current 
Address 


Base & Current 
Word Count 


Current 
Word Count. 


Base & Current 
Address 


Current 
Address 


Base & Current 
| Word Count 


Current 
Word Count 


oo 9o0 9890 92 O&O oo °0o0UcOWdCiC“‘“C OC UcOULUCNDCULUF oo 0o0 00 90 & oo 0o0UcmWdUC<C TTC MhCOUCOUUCUCOU 
oo 0oO0O 8B oO 8 OO oo 9080 O80 90 8 oo 080 900 0 0 oo 90oO0.6UCUCUOWUC MOWUlUlUCUCOUCUOD 





Figure 5. Word Count and Address Register Command Codes. 
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Am9517A 
MAXIMUM RATINGS above which useful life may be impaired 


Storage Temperature 


—65°C to +150°C 


Power Dissipation (Package Limitation) 1.5W 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 


exposure to excessive voltages. 


OPERATING RANGE 


Part Number 
Am9517ADC/PC 





ELECTRICAL CHARACTERISTICS over operating range (Note 1) 


Parameter 


ICC 


ClO 


VOH 


Ta 


Description 


Output HIGH Voltage 


Output LOW Voltage 
Input HIGH Voltage 
Input LOW Voltage 
Input Load Current 


Output Leakage Current 


VCC Supply Current 





Output Capacitance 
Input Capacitance 
1/O Capacitance 


NOTES: 


1. 


Typical values are for Ta = 25°C, nominal supply voltage 
and nominal processing parameters. 












Test Conditions 


IOH = —2002A 
1OH = —100UA, (HREQ Onty) 


1O0L =3.2mA 
VSS < VI< VCC 
VCC < VO < VSS+.40 


Ta =+25°C 
TA=O0C 
TA =—-55 C 


fo = 1.0MHz, Inputs = OV 





Output loading on the data bus is 1 Standard TTL gate plus 
15pF for the minimum value and 1 Standard TTL gate plus 
100pF for the maximum value. 





2. Input timing parameters assume transition times of 20ns or 9. Successive read and/or write operations by the external 
less. Waveform measurement points for both input and out- processor to program or examine the controller must be 
put signals are 2.0V for High and 0.8V for Low, unless timed to allow at least 600ns for the Am9517A or 
otherwise noted. Am9517A-1 and at least 450ns for the Am9517A-4 as re- 

3. Output loading is 1 Standard TTL gate plus 50pF capaci- covery time between active read or write pulses. 
tance unless noted otherwise. | 10. Parameters are listed in alphabetical order. 

4. The new IOW or MEMW pulse width for normal write will be 11. Pin 5 is an input that should always be at a logic high level. 
TCY-100ns and for extended write will be 2TCY-100ns. The An internal pull-up resistor will establish a logic high when 
net IOR or MEMR pulse width for normal read will be the pin is left floating. Alternatively, pin 5 may be tied to 
2TCY-50ns and for compressed read will be TCY-50ns. | VCC. —_ 

5. TDQ is specified for two different output HIGH levels. TDQ1 12. Signals READ and WRITE refer to [OR and MEMW respec- 
is measured at 2.0V. TDQ2 is measured at 3.3V. The value tively for peripheral-to-memory DMA operations and to 
for TDQ2 assumes an external 3.3k0 pull-up resistor con- MEMR and IOW respectively for memory-to-peripheral 
nected from HREQ to VCC. DMA operations. 

6. DREQ should be held active until DACK is returned. 13. If N wait states are added during the write-to-memory half of 

7. DREQ and DACK signals may be active high or active low. a memory-to-memory transfer, this parameter will increase 


Timing diagrams assume the active high mode. 
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SWITCHING CHARACTERISTICS 
ACTIVE CYCLE (Notes 2, 3, 10, 11 and 12) 


Am9517A Am9517A-1 Am9517A-4 
Parameter Description Min Max Min Max Min Max Unit 
TAEL AEN HIGH from CLK LOW (S1) Delay Time 300 
TAET AEN LOW from CLK HIGH (S1) Delay Time 
TAFAB ADR Active to Float Delay from CLK HIGH 
READ or WRITE Float from CLK HIGH 
DB Active to Float Delay from CLK HIGH 
ADR from READ HIGH Hold Time 
DB from ADSTB LOW Hold Time 
ADR from WRITE HIGH Hold Time 
DACK Valid from CLK LOW Delay Time 
EOP HIGH from CLK HIGH Delay Time 
EOP LOW to CLK HIGH Delay Time 
ADR Stable from CLK HIGH 
DB to ADSTB LOW Setup Time 


| TCH | Clock High Time (Transitions < 10ns) 


TCH 
TCL Clock Low Time (Transitions < 10ns) 
TCY 
























120 
190 


TCY-100 TCY-100 TCY-100 


TCY-50 TCY-50 TCY-50 


28 220 


© 


19 


© 







on 
fen] 


; 
CLK Cycle Time 


CLK HIGH to READ or WRITE LOW Delay 
TDCL 
(Note 4) 


WwW 
NO 
i=) 





~J 
i=) 
N 
~J 
© 


READ HIGH from CLK HIGH (S4) 
TOCTR Delay Time (Note 4) 


WRITE HIGH from CLK HIGH (S4) 
TDCTW | Delay Time (Note 4} 


; TDQ1 HREQ Valid from CLK HIGH Delay Time 


Note 5 


EOP LOW from CLK LOW Setup Time 

EOP Pulse Width 

ADR Float to Active Delay from CLK HIGH 

READ or WRITE Active from CLK HIGH 

DB Float to Active Delay from CLK HIGH 

HACK valid to CLK HIGH Setup Time 

Input Data from MEMR HIGH Hold Time 

Input Data to MEMR HIGH Setup Time 

Output Data from MEMW HIGH Hold Time 

Output Data Valid to MEMW HIGH (Note 13) 

DREQ to CLK LOW ($1, S4) Setup Time 
RH 
RS 


NO 
J 
=) 
N 
~J 
Oo 
NO 
—_ 
oO 





—_ 


ao 


2 


300 











300 300 


—_ 


0 


© 
= 
co 


iS <s ~ 
© 


i) 
oO 


7) 


i) 
ou 


CLK to READY LOW Hold Time 
READY to CLK LOW Setup Time 


TSTL ADSTB HIGH from CLK HIGH Delay Time 
TSTT ADSTB LOW from CLK HIGH Delay Time 


=) 


200 








— 


o 


4 110 
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SWITCHING CHARACTERISTICS 
PROGRAM CONDITION (IDLE CYCLE) 
(Notes 2, 3, 10, 11 and 12) 


Am9517A Am9517A-1 Am9517A-4 
Parameter Description Min. Max. Min. Max. Min. Max. Unit 


AR | ADR Vator 65 LOW to RERDLOW 
Aw | ADR Valse WAITE HIGH Setup Time 
Cc 
D 
R 
R 


| TCw | CS LOW to WRITE HIGH Setup Time 
} TOW Data Valid to WRITE HIGH Setup Time 














TRDE Data Access from READ LOW (Note 8) 


TDRF DB Float Delay from READ HIGH 


oe Geer 
Setup Time 
Write Width 


SWITCHING WAVEFORMS 


TAR 
TAW 
T 
TOW 
TRSTD 


Ww 
TRA ADR or CS Hold from READ HIGH 
S 


=~ 






2 





2/2 





_ 






TCW 
es 
ae Twc 
TWWS i eee 
iow 

TWA 

TAW 

Va¥.¥a™ 7 .Vv,¥ 
woos ORE were «RK 

TWO 


TOW 


VV/\/yg rININ ING 
cs-oo7 IRR 


Timing Diagram 1. Program Condition Write Timing (Note 9). 
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Timing Diagram 2. Program Condition Read Cycie (Note 9). | 
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INT EOP 


EXT EOP 
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SWITCHING WAVEFORMS (Cont.) 


Tas ro TCY TCH 


ml 


HFT teh 


ADDRESS VALID me "ADDRESS VALID 
| 
TAHR TAHR 
) | 


——_—_——_—+ 
——_————_ 
———— 
—_—_—_—- 
——_—_—_——_—_ 
= TDCL TDCL 
TFAC TDCTR TDCTR f --| ia 
——— 
——_—— 
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—_————_ 
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Timing Diagram 3. Active Cycle Timing Diagram. 
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SWITCHING WAVEFORMS (Cont.) 


so $11 $12 $13 $14 $21 $22 $23 $24 St 


~ Ge 
TSTL 


ADSTB 


TSTT 





| 
TFAAB ry [-- TAH | TASM [-TAHs TAFAB _ i. 
! 
A0Q—A7 ADDRESS VALID ! ADDRESS VALID 





TAFDB TAFDB | 
TFADB | 
HO 
TOCTR TFADB | 
TFAC TD TODV TODH 
TIDH | | 
| TAFC 
MEMA TIDS 
; TOCTW 
TFAC TDCL 
TAFC 
MEMW 
TAK TAK 
INT EOP 
TEPW 
TEPS 
EXT EOP 


Timing Diagram 4. Memory-to-Memory. 
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CLK 
A0-A7 
READ 
READ 
WRITE _. 
EXTENDED —o_ 
WRITE TRH bo —>| | WRIT 
TRS TRS 
READY 
READY 
Timing Diagram 5. Ready Timing. 7 Timing Diagram 6. Compressed Timing. 
MOS-040 MOS-041 
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J resto 
TRSTW 
RESET 
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| Timing Diagram 7. Reset Timing. 
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APPLICATION INFORMATION 


Figure 6 shows a convenient method for configuring a DMA 
system with the Am9517A Controller and a microprocessor 
system. The Multimode DMA Controller issues a Hold Request 
to the processor whenever there is at least one valid DMA Re- 
quest from a peripheral device. When the processor replies with 
a Hold Acknowledge signal, the Am9517A takes control of the 
Address Bus, the Data Bus and the Control! Bus. The address for 
the first transfer operation comes out in two bytes — the least 
significant eight bits on the eight Address outputs and the most 


DBO—DB7 


Am9517A 


significant eight bits on the Data Bus. The contents of the Data 
Bus are then latched into the Am74LS373 register to complete 
the full 16 bits of the Address Bus. The Am74LS373 is a high 
speed, low power, 8-bit, 3-state register in a 20-pin package. 
After the initial transfer takes place, the register is updated only 
after a carry or borrow is generated in the least significant ad- 
dress byte. Four DMA channels are provided when one 
Am9517A is used. 


8-A15 
Am74LS373 


8-BIT LATCH 


CONTROL 
BUS 


SYSTEM DATA BUS 


Figure 6. Basic DMA Configuration. 


Metallization and Pad Layout 
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Universal Interrupt Controller 


DISTINCTIVE CHARACTERISTICS 


Eight individually maskable interrupt inputs 
Software interrupt request capability 

Fully programmable 1, 2, 3 or 4 byte responses 
Unlimited daisy-chain expansion capability 
Fixed or rotating priority resolution 

Common vector option 

Polled mode option 

Optional automatic clearing of acknowledged interrupts 
Bit set/reset capability for Mask register 
Master Mask bit disables all interrupts 
Pulse-catching interrupt input circuitry 

Polarity control of interrupt inputs and output 


Various timing options including 8085A compatible 
Am9519-1 


Single +5V supply 
100% MIL-STD-883 reliability assurance testing 


GENERAL DESCRIPTION 


The Am9519 Universal Interrupt Controller is a processor 
support circuit that provides a powerful interrupt structure 
to increase the efficiency and _ versatility of 
microcomputer-based systems. A single Am9519 man- 
ages up to eight maskable interrupt request inputs, re- 
solves priorities and supplies up to four bytes of fully © 
programmable response for each interrupt. It uses a sim- 
ple expansion structure that allows many units to be cas- 
caded for control of large numbers of interrupts. Several 
programmable control features are provided to enhance ~ 
system flexibility and optimization. 


The Universal Interrupt Controller is designed with a gen- 
eral purpose interface to facilitate its use with a wide 
range of digital systems, including most popular 8-bit 
microprocessors. Since the response bytes are fully pro- 
grammable, any instruction or vectoring protocol appro- 
priate for the host processor may be used. 


When the Am9519 controller receives an unmasked Inter- 
rupt Request, it issues a Group Interrupt output to the CPU. 
When the interrupt is acknowledged, the controller outputs 
the one-to-four byte response associated with the highest 
priority unmasked interrupt request. The ability of the CPU | 
to set interrupt requests under software control permits 
hardware prioritization of software tasks and aids system 
diagnostic and maintenance procedures. 
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ORDERING INFORMATION 


Package Ambient a Options 
Type eee 


| OC <Ty<+70°C | 


0°C < Ty < +70°C 


ae | 9DC 


AM9519- ee 


AM9519-1PC 


“BSCS, = 11250 | anesieow fd 


Molded DIP 


AM9519PC 
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CONNECTION DIAGRAM 


28 VCC (+5V) 
c/D 
26, | TACR 
tREQ7 
24} | IREQ6 
23 | IREQS 
IREQ4 
Am9519 
IREQ3 
20] | IREQ2 
IREQ1 


IREOS 


GINT 


(GNO) VSS 


Top View 


MOS-019 





Pin 1 is marked for orientation, 


INTERFACE SIGNAL DESCRIPTION 


vcc: +5 Volt Power Supply 
VSS: Ground 


DBO — DB7 (Data Bus, Input/Output) 


The eight bidirectional data bus signals are used to trans- 
fer information between the Am9519 and the system data 
bus. The direction of transfer is controlled by the IACK, 
WR and RD input signals. Programming and control in- 
formation are written into the device; status and response 
data are output by it. 


ts (Chip Select, Input) 


The active low Chip Select input enables read and write 
operations on the data bus. Interrupt acknowledge re- 
sponses are not conditioned by CS. 


RD (Read, Input) 


The active low Read signal is conditioned by CS and indi- 
cates that information is to-be transferred from the 
Am39519 to the data bus. 





WR (Write, Input) 


The active low Write signal is conditioned by CS and indi- 
cates that data bus information is to be transferred from 
the data bus to a location within the Am9519. 


CID (Control/Data, Input) 


The CiD control signal selects source and destination loca- 
tions for data bus read and write operations. Data read or 
write transfers are made to or from preselected internal 
registers or memory locations. Control write operations 
load the command register and contro! read operations 
output the status register. 


iREQO — IREQ7 (Interrupt Request, Input) 


The Interrupt Request signals are used by external de- 
vices to indicate that service by the host CPU is desired. 
IREQ inputs are accepted asynchronously and they may 
be programmed for either a high-to-low or low-to-high 


Am9519 


edge transition. Active inputs are latched internally in the 


_ Interrupt Request Register. After the IRR bit is cleared, an 


IREQ transition of the programmed polarity must occur to 
iniéiate another request. 


RIP (Response In Process, Input/Output) 


Response In Process is a bidirectiona! signal used. when 
two or more Am9519 circuits are cascaded. It permits 
multibyte response transfers to be completed without in- 
terference from higher priority interrupts. An Am9519 that 
is responding to an acknowledged interrupt will treat RIP 
as an output and hold it low until the acknowledge re- 
sponse is finished. An Am9519 without an acknowledged 
interrupt will treat RIP as an input and will ignore |ACK 
pulses as long as RIP is low. The RIP output is open drain 


and requires an exiernal pullup resistor tc YCC. 





IACK (interrupt Acknowledge, Input) 


The active low Interrupt Acknowledge line indicates that 
the external system is asking for interrupt response in- 
formation. Depending on the programmed state of the 
Am9519, it will accept 1, 2, 3 or 4 IACK pulses; one re- 
sponse byte is transferred per pulse. The first IACK pulse 
causes selection of the highest priority unmasked pending 
interrupt request and generates a RIP output signal. 








PAUSE (Pause, Output) 


The active-low Pause signal is used to coordinate interrupt 
responses with data_bus and control timing. Pause goes 
low when the first IACK is received and remains low until 
RIP goes low. The external system can use Pause to stretch 
the acknowledge cycle and allow the control timing to au- 
tomatically adjust to the actual priority resolution delays in 
the interrupt system. Second, third and fourth response 
bytes do not cause Pause to go low. Pause is an open drain 
output and requires an external pullup resistor to VCC. 


EO (Enable Out, Output) 


The active high EO signal is used to implement daisy- 
chained cascading of several Am9519 circuits. EO is con- 
nected to the El input of the next lower priority chip. On 
receipt of an interrupt acknowledge, each EO will go inactive 
until it has been determined that no valid interrupt request is 
pending on that chip. !f an active request is present, EO 
remains low. EO is also held low when the master mask bit is 
active, thus disabling all lower priority chips. 


El (Enable In, Input) 
The active high El signal is used to implement daisy- 


_ chained cascading of several Am9519 circuits. El is con- 


nected to EO of the next higher priority chip. It may also be 
used as a hardware disable input for the interrupt system. 
When El is low IACK inputs are ignored. E! is internally 
pulled up to VCC so that no external pullup is needed when 
El is not used. 





GINT (Group Interrupt, Output) 


The Group Interrupt output signal indicates that at least 
one unmasked interrupt request is pending. It may be 
programmed for active high or active low polarity. When 
active low, the output is open drain and requires an ex- 
ternal pull up resistor to VCC. 
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REGISTER DESCRIPTION 


Interrupt Request Register (IRR): The 8-bit IRR is used to 
store pending interrupt requests. A bit in the IRR is set 
whenever the corresponding IREQ input goes active. Bits 
may also be set under program control from the CPU, 
thus permitting software generated interrupts. IRR bits 
may be cleared*under program control. An IRR bit is au- 
tomatically cleared when its interrupt is acknowledged. All 
IRR bits are cleared by a reset function. 


Interrupt Service Register (ISR): The 8-bit ISR contains 
one bit for each IREQ input. It is used to indicate that a 
pending interrupt has been acknowledged and to mask all 
lower priority interrupts. When a bit is set by the acknow- 
ledge logic in the ISR, the corresponding IRR bit is 
cleared. If an acknowledged interrupt is not programmed 
to be automatically cleared, its ISR bit must be cleared by 
the CPU under program control when it is desired to 
permit interrupts from lower priority devices. When the 
interrupt is programmed for automatic clearing, the ISR 
bit is automatically reset during the acknowledge se- 
quence. All ISR bits are cleared by a reset function. 


Interrupt Mask Register (IMR): The 8-bit IMR is used to 
enable or disable the individual interrupt inputs. The IMR 
bits correspond to the IREQ inputs and all eight may be 
loaded, set or cleared in parallel under program control. 
In addition, individual IMR bits may be set or cleared by 
the CPU. A reset function will set all eight mask bits, dis- 
abling all requests. A mask bit that is set does not disable 
the IRR, and an IREQ that arrives while a corresponding 
mask bit is set will cause an interrupt later when the mask 
bit is cleared. Only unmasked interrupt inputs can gener- 
ate a Group Interrupt output. 


Response Memory: An 8 x 32 read/write response mem- 
ory is Included in the Am9519. It is used to store up to 
four bytes of response information for each of the eight 
interrupt request inputs. All bits in the memory are pro- 
grammable, allowing any desired vector, opcode, instruc- 
tion or other data to be entered. The Am9519 transfers 
the interrupt response information for the highest priority 
unmasked interrupt from the memory to the data bus 
when the IACK input is active. 


Auto Clear Register: The 8-bit Auto Clear register con- 
tains one bit for each IREQ input and specifies the operat- 
ing mode for each of the ISR bits. When an auto clear bit 
is off, the corresponding ISR bit is set when that interrupt 
is acknowledged and is cleared by software command. 
When an auto clear bit is on, the corresponding ISR bit is 
cleared by the hardware before the end of the acknow- 
ledge sequence. A reset function clears all auto clear bits. 


Status Register: The 8-bit Status register contains infor- 
mation concerning the internal state of the chip. It is 
especially useful when operating in the polled mode in 
order to identify interrupting devices. Figure 1 shows the 
status register bit assignments. The polarity of the GINT 
bit 7 is not affected by the GINT polarity control (Mode bit 
3). The Status register is read by executing a read opera- 
tion (CS = 0, RD = 0) with the control location selected (C/D 
= 1). 


Mode Register: The 8-bit Mode register controls the 
operating options of the Am9519. Figure 2 shows the bit 
assignments for the Mode register. The five low order 
mode bits (0 through 4) are loaded in parallel by com- 
mand. Bits 5,6 and7 are controlled by separate commands. 
(See Figure 4.) The Mode register cannot be read out di- 
rectly to the data bus, but Mode bits 0, 2 and 7 are available 
as part of the Status register. 


Command Register: The 8-bit Command register stores 
the last command entered. Depending upon the com- 
mand opcode, it may initiate internal actions or precondi- 
tion the part for subsequent data bus transfers. The 
Command register is loaded by executing a write opera- 
tion (WR = 0) with the control location selected (C/D = 1), 
as shown in Figure 3. 


Byte Count Register: The length in bytes of the response 
associated with each interrupt is independently program- 
med so that different interrupts may have different length 
responses. The byte count for each response is stored in 
eight 2-bit Byte Count registers. For a given interrupt the 
Am9519 will expect to receive a number of IACK pulses 
that equals the corresponding byte count, and will hold RIP 
low until the count is satisfied. 
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an aes Binary vector indicating the 


number of the highest priority 
unmasked bit that is set in IRR. 
Valid only when $7 = 0. 


Master Mask Bit 
O Chip disarmed 
1 Chip armed 


Interrupt Mode 
O Interrupt 
Tt Polled 


Priority Mode 
O Fixed 
1 Rotating 


Enable Input 
0 Chip disabled 
1 Chip enabled 


Group Interrupt 
1 No unmasked 
IRR bit set 
O At least one unmasked 
IRR bit set 


Figure 1. Status Register Bit Assignments. 
FUNCTIONAL DESCRIPTION 


Interrupts are used to improve system throughput and re- 
sponse time by eliminating heavy dependence on 
software polling procedures. Interrupts allow. external de- 
vices to asynchronously modify the instruction sequence 
of a program being executed. In systems with multiple in- 
terrupts, vectoring can further improve performance by al- 
lowing direct identification of the interrupting device and 
its associated service routine. The Am9519 Universal Inter- 
rupt Controller contains, on one chip, all of the circuitry 
necessary to detect, prioritize and manage eight vectored 
interrupts. It includes many options and operating modes 
that permit the design of sophisticated interrupt systems. 


Reset 


The reset function is accomplished by software command 
or automatically during power-up. The reset command 
may be issued by the CPU at any time. Internal power up 
circuitry is triggered when VCC reaches a predetermined 
threshold, causing a brief internal reset pulse. In both 
cases, the resulting internal state of the machine is that all 
registers are cleared except the Mask register which is 
set. Thus no Group Interrupt will be generated and no in- 
terrupt requests will be recognized. The response memory 
and Byte Count registers are not. affected by reset. Their 
contents after power-up are unpredictable and must be 
established by the host CPU during initialization. 


Operating Sequence 


A brief description of a typical sequence of events in an 
operating interrupt system will illustrate the general interac- 
tions among'the host CPU, the interrupt controller and the 
interrupting peripheral. 


1. The Am9519 controller is initialized by the CPU in 
order to customize its configuration and operation for 
the application at hand. Both the controller and the 
CPU are then enabled to accept interrupts. 


MOS-025 
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Priority Mode 
0 Fixed 
1 Rotating 


Vector Selection 
0 Individual vector 
1 Common vector 


_ Interrupt Mode 
0 Interrupt 
1 Polled 


GINT Polarity 
0 Active low 
1 Active high 


IREQ Polarity 
0 Active low 
1 Active high 


Register Preselection 
00 Interrupt service register 
01 Interrupt mask register 
10 Interrupt request register 
11 Auto clear register 


Master Mask Bit 
0 Chip disarmed 
1 Chip armed 


Figure 2. Mode Register Bit Assignments. MOS-026 


. One (or more) of the interrupt request inputs to the 


controller becomes active indicating that peripheral 
equipment is asking for service. The controller asyn- 
chronously accepts and latches the request(s). 


. If the request is masked, no further action takes place. 


If the request is not masked, a Group Interrupt output 
is generated by the controller. 


. The GINT signal is recognized by the CPU which nor- 


mally will complete the execution of the current in- 
struction, insert an interrupt acknowledge sequence 
into its instruction execution stream, and disable its 
internal interrupt structure. The controller expects to 
receive one or more IACK signals from the CPU during 
the acknowledge sequence. 


. When the controller receives the IACK signal, it brings 


PAUSE low and selects the highest priority unmasked 
pending request. When selection is complete, the RIP 
Output is brought low and the first byte in the response 
memory associated with the selected request is output 
on the data bus. PAUSE stays low until RIP goes low. RIP 
stays low until the last byte of the response has been 
transferred. : 


. During the acknowledge sequence, the IRR bit corre- 


sponding to the selected request is automatically 
cleared, and the corresponding ISR bit is set. When the 
ISR bit is set, the Group Interrupt output is disabled until 
a higher priority request arrives or the ISR bit is cleared. 
The ISR bit will be cleared by either hardware or 
software. 


. If a higher priority request arrives while the current re- 


quest is being serviced, GINT will be output by the con- 
troller, but will be recognized and acknowledged only if 
the CPU has its interrupt input enabled. If acknowledged, 
the corresponding higher priority ISR bit wil! be. set and 
the requests nested. 
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Information Transfers 


Figure 3 shows the control signal configurations for all 
information transfer operations between the Am9519 and 
the data bus. The following conventions are assumed: RD 
and WR active are mutually exclusive; RD, WR and C/D have 
no meaning unless CS is low; active [ACK pulses occur only 
when CS is high. 





For reading, the Status register is selected directly by the 
C/D control input. Other internal registers are read by pre- 
selecting the desired register with mode bits 5 and 6, and 
then executing a data read. The response memory can be 
read only with IACK pulses. For writing, the Command 
register is selected directly by the C/D control input. The 
Mask and Auto Clear registers are loaded following 
specific commands to that effect. To load each level of the 
response memory, the response preselect command is is- 
sued to select the desired level. An appropriate number of 
data write operations are then executed to load that level. 















CONTROL INPUT 
DATA BUS 
OPERATION 


Transfer contents of 
preselected data register 
to data bus 


Transfer contents of data bus 
to preselected data register 
Transfer contents of status: 
register to data bus 

1 Transfer contents of data 
bus to command register 
Transfer contents of selected 

X|X1]xX response memory location 
to data bus 

| ee eT Ae No information transferred 


Figure 3. Summary of Data Bus Transfers. 















The Pause output may be used by the host CPU to ensure that 
proper timing relationships are maintained with the Am9519 
when IACK is active. The [ACK pulse width required depends 
on several variables, including: operating temperature, in- 
ternal logic delays, number of interrupt controllers chained 
together, and the priority level of the interrupt being acknow- 
ledged. When delays in these variables combine to delay 
selection of a request following the falling edge of the first 
IACK, the Pause output may be used to extend the IACK 
pulse, if necessary. Pause will remain low until a request 
has been selected, as indicated by the falling edge of RIP. 
Typically, the internal interrupt selection process is quite 
fast, especially for systems with a single Am9519, and 
Pause will consequently remain low for only a very brief 
interval and will not cause extension of the IACK timing. 








Operating Options 


The Mode register specifies the various combinations of 
operating options that may be selected by the CPU. It is 
cleared by power-up or by a reset command. 


Mode bit 0 specifies the rotating/fixed priority mode (see 
Figure 2). In the fixed mode, priority is assigned to the re- 
quest inputs based upon their physical location at the 


chip interface, with IREQO the highest and IREQ7 the low- 
est. In the rotating mode, relative priority is the same as 
for the fixed mode and the most recently serviced request 
is assigned the lowest priority. In the fixed mode, a lower 
priority request might never receive service if enough 
higher priority requests: are active. In the rotating mode, 
any request will receive service within a maximum of 
seven other service cycles no matter what pattern the re- 
quest inputs follow. 


Mode bit 1 selects the individual/common vector option. 
Individual vectoring provides a unique location in the re- 
sponse memory for each interrupt request. The common 
vector option always supplies the response associated 
with IREQO no matter which request is being acknow- 
ledged. 


Mode bit 2 specifies interrupt or polled operation. In the 
polled mode the Group Interrupt output is disabled. The CPU 
may read the Status register to determine if a request is 
pending. Since IACK pulses are not normally supplied in 
polled mode, the IRR bit is not automatically cleared, but may 
be cleared by command. With no JACK input the ISR and the 
response memory are not used. An Am9519 in the polled 
mode has El connected to EO so that in multichip interrupt 
systems the polled chip is functionally removed from the 
priority hierarchy. 





Mode bit 3 specifies the sense of the GINT output. When 
active high polarity is selected the output is a two-state 
configuration. For active low polarity, the output is open 
drain and requires an external pull-up resistor to provide 
the high logic level. The open drain output allows wired- 
or configurations with other similar output signals. 


Mode bit 4 specifies the sense of the IREQ inputs. When 
active low polarity is selected, the IRR responds to falling 
edges on the request inputs. When active high is selected, 
the IRR responds to rising edges. 


Mode bits 5 and 6 specify the register that will be read on 
subsequent data read operations (C/D = 0, RD = 0). This 
preselection remains valid until changed by a reset or a 
command. 


Mode bit 7 is the master mask bit that disables all request 
inputs. It is used to disable all interrupts without modify- 
ing the IMR so that the previous IMR contents are valid 
when interrupts are re-enabled. When the master mask bit 
is low, it causes the EO line to remain disabled (low). 
Thus, for multiple-chip interrupt systems, one master 
mask bit can disable the whole interrupt structure. Alter- 
natively, portions of the structure may be disabled. The 
state of the master mask bit is available as bit S3 of the 
Status register. 


Programming 


After reset, the Am9519 must be initialized by the CPU in 
order to perform useful work. At a minimum, the master 
mask bit and at least one of the IMR bits should be en- 
abled. If vectoring is to be used, the response memory 
must be loaded; if not, the mode must be changed to a 
non-vectored configuration. Normally, the first step will 
be to modify the Mode register and the Auto clear regis- 
ter in order to establish the configuraton desired for the 
application. Then the response memory and byte count 
will be loaded for those request levels that will be in use. 
Finally, the master mask bit and at least portions of the 
IMR will be enabled to allow interrupt processing to pro- 
ceed. 
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Commands 


The host CPU configures, changes and inspects the internal 
condition of the Am9519 using the set of commands shown 
in Figure 4. An ‘'X” entry in the table indicates a ‘‘don’t 
care” state. All commands are entered by directly loading 
the Command register as shown in Figure 3 (C/D = 1, WR 
= Q). Figure 5 shows the coding assignments for the Byte 
Count registers. A detailed description of each command is Figure 5. Byte Count Coding. 
contained in the Am9519 Application Note AMPUBO71. 
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B1 | BO | Set IRR bit specified by B2, B1, BO 
x 
x 
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Clear ISR bit specified by B2, B1, BO 
Load Mode register bits 0—4 with specified pattern 


Load Mode register bits 5, 6 with specified pattern 
Load Mode register bits 5, 6 and set mode bit 7 
Load Mode register bits 5, 6 and clear mode bit 7 


x Xx Preselect IMR for subsequent loading from data 
bus 

Preselect Auto Clear register for subsequent 
loading from data bus 

Load BY1, BYO into byte count register and 
preselect response memory level specified by L2, 
L1, LO for subsequent loading from data bus 






M2 


xX 


2c2ES 


Figure 4. Am9519 Command Summary. 
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MAXIMUM RATINGS above which useful life may be impaired 


Power Dissipation (Package Limitation) 1.5W 









The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 


OPERATING RANGE 






Part Number Ambient Temperature vcc 


Am9519DC/CC j j 
Am9519-1DC o°c < Ta < +70°C +5.0V +5% 


Am9519DM -55°C < Tay = +125°C — +5.0V +10% 


VSS 





ELECTRICAL CHARACTERISTICS Over Operating Range (Note 1) 


Parameter Description Test Conditions Min. Typ. Max. Unit 


VOH Output High Voltage IOH = ~200nA 2.4 fie eee el 3 
olts 
(Note 12) [OH = —100uA (EO only) 2.4 Nya, ans 
aa] vere 


IOL = 3.2mMA 
we Duieattew vetace | WL =32mA 
IOL = 1.0mA (EO only) 
IH Volts 


{nput Load Current VSS < VIN < VCC Sie aa 


| 102 Output Leakage Current VSS < VOUT <= VCC, Output off pA 
pec | 





















Ta = +25°C 
VCC Supply Current Ta = 0°C 


Output Capacitance 
Input Capacitance 
VO Capacitance 







fc = 1.0MHz 
Ta = 25°C 
All pins at OV 
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SWITCHING CHARACTERISTICS Over Operating Range (Notes 2, 3, 4, 5) 


Am9519 Am9519-1 
Parameters Description Min. Max. Min. Max. Units 


TAVAL C/D Valid and CS LOW to Read LOW 
c/iD 








TOW 


TIVIX Interrupt Request Valid to Interrupt Request Don’t Care 
(JREQ Pulse Duration) 


IACK HIGH to RIP INGH (Mots 8) 
TKHKL [ACK HIGH to IACK LOW (IACK Recovery) 


: 
oi 
@ 
J 
oi 




















80 


© 


3 


nn 


0 





~J 
oi 
i) 


9 


J 
ol 


z 


TKLPL IACK LOW to PAUSE LOW 
‘| TKLQV IACK LOW to Data Out Valid (Note 7) 


bet | 


100 


Land 
on 


-_ 
~ 
4) 








_ 
Oo 
Oo 


A 


z 


z 


300 


> 
sls 











NOTES: 

1. Typical values are for T, = 25°C, nominal supply volt- high following an internal delay. TKLCL will govern 
age and nominal processing parameters. the falling edge of RIP when El is always high or is 

2. Test conditions assume transition times of 20ns or high early in the acknowledge cycle. TEHCL will gov- 
less, timing reference levels of 0.8V and 2.0V and ern when El goes high later in the cycle. The rising 
output loading of one TTL gate plus 100pF, unless edge of E! will be determined by the length of the 
otherwise noted. . preceding priority resolution chain. RIP remains low 

3. Transition abbreviations used for the switching until after the rising edge of the IACK pulse that trans- 
parameter symbols include: H = High, L = Low, V = fers the last response byte for the selected IREQ. 
Valid, X = unknown or don't care, Z = high imped- 9. Test conditions for the El line assume timing refer- 
ance, ence levels of 0.8V and 2.0V with transition times of 

4. Signal abbreviations used for the switching parameter 10ns or less. 
symbols include: R = Read, W = Write, Q = Data 10. Test conditions for the EO line assume output loading 
Out, D = Data In, A = Address (CS and C/D), K = In- of two LS TTL gates plus 30pF and timing reference 
terrupt Acknowledge, N = Enable Out, E = Enable In, levels of 0.8V and 2.0V. Since EO normally only drives 
P = Pause, C = RIP. E! of another Am9519, higher speed operation can be 

5. Switching parameters are listed in alphabetical order. specified with this more realistic test condition. 

6. During the first IACK pulse, PAUSE will be low long 11. The arrival of [ACK will cause EO to go low, disabling 
enough to allow for priority resolution and will not go additional circuits that may be connected to EO. If no 
high until after RIP goes low (TCLPH). valid interrupt is pending, EO will return high when El 

7. TKLQV applies only to second, third and fourth IACK is high. If a pending request is selected, EO will stay 
pulses while RIP is low. During the first IACK pulse, low until after the fast IACK pulse for that interrupt is 
Data Out will be valid following the falling edge of RIP complete and RIP goes high. — 

(TCLQV). 12. VOH specifications do not apply to RIP or to GINT 

8. RIP is pulled low to indicate that an interrupt request when active-low. These outputs are open-drain and 
has been selected. RIP cannot be pulled low untit El is VOH levels will be determined by external circuitry. 
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SWITCHING WAVEFORMS 





MOS-144 
Interrupt Operations 
\LAAAA/ LAAKNAAAAAA, LA LRAAAA/\AAS 
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Data Bus Transfers 
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APPLICATIONS 











ADDRESS BUS 
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Am9519 


GINT IREQ 


DB0—DB7 


SYSTEM DATA BUS 





Figure 6. Base Interrupt System Configuration. 
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Am6012 


12-Bit High-Speed Multiplying D/A Converter 


Distinctive Characteristics 


e@ All grades 12-bit monotonic over temperature 

e Differential nonlinearity to +.012% (13 bits) max. over 
temperature 

Trimless design is inherently monotonic 

Fast settling output current: 250nsec 

Full scale current 4mA 

High output impedance and compliance: —5 to +10V 


Differential current outputs 

Low cost 

High-speed multiplying capability 

Direct interface to TTL, CMOS, ECL, HTL, NMOS 
Performance unchanged over supply range 

Low power consumption: 230mW 

Rout: Cout independent of logic code 

















GENERAL DESCRIPTION 


The Am6012 series of 12-bit monolithic multiplying Digital to The Am6012 has high voltage compliance, high impedance dual 
Analog Converters represent a new level of high speed and complementary outputs which increase its versatility and enable 
accuracy coupled with low cost. The Am6012 is the first 12-bit differential operation to effectively double the peak to peak out- 
D/A Converter ever built using standard processing without the put swing. These outputs can be used directly without op amps 


requirements of thin film resistors and/or active trimming of indi- in many applications. The dual complementary outputs can also 
vidual devices. The Am6012 uses sophisticated new circuit de- be connected in A/D converter applications to present a constant 
sign concepts that give inherent monotonicity without requiring load current and significantly reduce switching transients and 
ultra precision internal components. increase system throughput. Output full scale current is speci- 


fied at 4mA, allowing use of smaller load resistors to minimize 
the output RC delay which usually dominates settling time at the 


The Am6012 design guarantees a more uniform step size than is 12-bit level. 

possible with standard binarily weighted DAC’s. This +1/2 LSB The Am6012 series guarantees full 12-bit monotonicity for all 
differential nonlinearity is desirable in many applications where grades and differential nonlinearity as tight as +.012% (13 bits) 
local linearity is critical. The uniform step size allows finer resolu- over the entire temperature range. Device performance is es- 
tion of levels and in most applications is more useful than confor- sentially independent of power supply voltage. The devices work 
mance to an ideal straight line from zero to full scale. over a wide operating range of +5, —12 volts to +18 volts. 
















FUNCTIONAL DIAGRAM 
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ORDERING INFORMATION CONNECTION DIAGRAM - Top View 


Order Temperature Differential 
Number Range Nonlinearity 
AM6012ADM —55°C to +125°C + .012% 
AM6012DM —55°C to +125°C +.025% 1517] Vacr(-) 
AM6012ADC 0°C to +70°C +.012% 141] Vaer(+) 
AM6012DC 0°C to +70°C + 025% 13[-] GNDIVic 





12{ |By2 LSB 







Note: 
Pin 1 is marked 
for orientation. 
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Am6012 
MAXIMUM RATINGS above which useful life may be impaired 


Am6012ADM, Am6012DM ~55°C to +125°C 
Am6012ADC, Am6012DC 0°C to +70°C 
Storage Temperature —65°C to +125°C 
Lead Temperature 






ELECTRICAL CHARACTERISTICS 


These specifications apply for V4. = +15V, V_ = —15V, Iper = 1.0mA, over the operating temperature range unless otherwise specified. 
Am6012A Am6012 
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 
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ACCURACY SPECIFICATIONS 


The design of the Am6012 emphasizes differential linearity 
which is a measure of the uniformity of each step in the transfer 
characteristic. The circuit design, described in greater detail on 
page 6, requires resistor matching and tracking tolerances of 8 
times lower than that of previous designs to achieve and main- 
tain monotonicity over temperature. This advantage has been 
used in the Am6012A to provide 13-bit differential nonlinearity 
over temperature, a level of performance not generally available 
in previous designs, even when using thin film resistors. 


DIFFERENTIAL NONLINEARITY 
WORST CASE AT TEMPERATURE EXTREME 


i“ 


lout 


DIGITAL INPUT ——= 
+1/2 LSB DNL (+.012% OR 13 BITS) 





Metallization and Pad Layout 


B3 Bo B, (MSB) V+ lo 


3. 2 1 20 19 


18 Io 


17 V- 
16 COMP 


15 Vrer(—) 


14 Vref (+) 





10 11 12 13 
Big By; By2 (LSB) GND/VLC 


DIE SIZE 0.093” X 0.134” . 


Am6012 








The figures illustrate that +1/2 LSB (13-bit) differential non- 
linearity guarantees a converter with 4096 distinct output levels. 
+1 LSB D.N.L. guarantees monotonicity, so that when the input 

. code is increased the output will not decrease. Note that non- 
linearity, or deviation from an ideal straight line through zero and 
full scale, cannot be visually determined from the figures. In 
most applications, 12-bit resolution and differential linearity are 
more.important than linearity. This is especially true in video and 
graphics, where the human eye has difficulty discerning non- 
linearity of less than 5%. 

















DIGITAL INPUT ——~— 
+1 LSB DNL (+.025% OR 12 BITS) 
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PHYSICAL DIMENSIONS 
Dual-In-Line 








20-Pin Hermetic 








| SEATING 


PLANE 


125 | .009 
.150 011 
3° 
050 .090 .016 NJ 
070 ‘110 020 








'Am6012: 


APPLICATION HINTS: VREF v- 


I 





Reference current and reference resistor. 
There is a 1 to 4 scale factor between the reference current. 
(IREF) and the full scale output current (les). If Vaer = +10V 
and Iles = 4mA, the value of the Rj, is: 

‘4x 10 Voit 


Rig == 10K. Ryg = R 
14 Arak 14 15 


lo+lo=lrs 
FOR ALL INPUT CODES 


ee LIC-849 


. Reference amplifier compensation. 


For AC reference applications, a minimum value compensa- 
tion capacitor (Cc) is normally used. The value of this 
capacitor depends on the equivalent resistance at pin 14. The 
values to maximize bandwidth without oscillation are as fol- 
lows: 


Reference Amplifier Output Voitage 


Frequency Response Compliance 


ALL BITS ON 
MINIMUM SIZE 


COMPENSATION CAPACITOR +t Baa (eq) = 2k0 
lim Co= 10pF 
Pedal des area) 
a a Se ae 
PCa tt 


(les = 4mA, IReF = 1.0mA) 


Ri4 (Eq) (K2) = Cc (pF) 


LARGE SIGNAL +50% , 
MODULATION OF 4mA 
FULL SCALE CURRENT 


SMALL SIGNAL +1% 
MODULATION OF 2mA 
FULL SCALE CURRENT 


RELATIVE OUTPUT — dB 
OUTPUT CURRENT — mA 





.01 0.1 1.0 10 
FREQUENCY — MHz OUTPUT VOLTAGE — VOLTS 


Note: A 0.014F capacitor is recommended for fixed reference operation. LIC-850 LIC-851 


REFERENCE AMPLIFIER BIASING 










Am6012 


lo +10 = Irs 
FOR ALL INPUT CODES 


0.1 222F TANTULUM 
20-t  L (ote 5) 


LIC-852 


IREF 


IN 


. : Vr+/Ry4) + (Vin/R 
vs pcos 
| | (Va+ — Vin/Ri4 
Reference ae a (Note 3) 
Pulsed Reference (Note 4) Vr+ (Vr4/Ry4) + (Vin/Rin) 


Notes: 1. The compensation capacitor is a function of the impedance seen at the + Vp_r input and must be at least C = SpF x Ry 4(eq) in kQ. For 
Ry4 < 8000 no capacitor is necessary. . 
2. For negative values of Vin, Va4/Ry4 must be greater than —V yy Max/Rjy so that the amplifier is not turned off. 
3. For positive values of Vin, VR must be greater than Vij Max so the amplifier is not turned off. 
4. Forpulsed operation, VR4+ provides a DC offset and may be set to zero in some cases. The impedance at pin 14 should be 8002 orless. 
5. For optimum settling time, decouple V— with 200 and bypass with 22.F tantulum capacitor. 
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VREF(+) 


VREF(-) 


OPTIONAL 
(SEE CODE TARLE) 





MSB 
_ REF 
14" "t0omA 
R _ VREF 
OFF ~ 20mA 


MSB 
CODE FORMAT OUTPUT SCALE 


B1 B2 83 84 BS B6 B7 BS BS B10 Bil B12 


UNIPOLAR 


SYM- 
METRICAL 
OFFSET 


Straight binary; one 
polarity with true input a-c 
code, true zero output. 


b-g 
R1 = R2 = 2.5K 


Complementary binary; 
one polarity with 
complementary input: 
code, true zero output. 


a-g 
b-c 
Ri = R2 = 2.5K 


Straight offset binary; 
offset half scale, 
symmetrical about zero, 
no true zero output. 


1's complement; 

offset half scale, 
symmetrical about zero, 
no true zero output 
MSB complemented 


“g 
(need inverter at B1). Ri = AS = 2.5K 


R2 = 1.25K 


Offset binary; 
Offset half scale, 
true zero output. 


2's complement; 
offset half scale 

true zero output 
MSB complemented 
(need inverter at B1). 


ADDITIONAL CODE MODIFICATIONS 


1. Any of the offset binary codes may be complemented by reversing the output terminal pair. 





5.000kf. 2.000mA 
eater naastl 





LSB 


Positive full scale 
Positive full scale — LSB 
Zero scale 


Positive full scale 
Positive full scale — LSB 
Zero scale 


Positive full scale 

Positive full scale - LSB 
(+) Zero scale 

(—) Zero scale 

Negative full scale - LSB 
Negative full scale 


Positive fuil scale 

Positive full scale — LSB 
(+) Zero scale 

(—) Zero scale 

Negative full scale - LSB 
Negative full scale 


Positive full scale 
Positive full scale — LSB 


Negative full scale + LSB 
Negative full scale 


Positive full scale 

Positive full scale - LSB 
+1LSB 

Zero scale 

-1LSB 

Negative full scale + LSB 
Negative full scale 


~-“==C000l0002444 
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Am6012 


SEGMENTED DAC DESIGN INFORMATION 


The design of a 12-bit D/A converter has traditionally required 
precision thin film resistors, a trimming method, and a binarily 
weighted ladder network. The Am6012 is a 12-bit DAC which 
uses diffused resistors and requires no trimming, cutting, blow- 
ing, or zapping to guarantee monotonicity for all grades over the 
temperature range. A proprietary design technique, departing 
from the traditional R-2R approach used in virtually all high 
speed high resolution converters, provides inherent monoto- 
nicity and differential linearity as high as 13 bits. This guarantees 
a more uniform step size over the temperature range than avail- 
able trimmed 12-bit converters. The converter’s performance is 
immune to variations in temperature, time, process, and 
mechanical stress. The circuit also features differential high 
compliance current outputs, wide supply range, and a multiply- 
ing reference input. 


In most converter applications, uniform step size is more impor- 
tant than conformance to an ideal straight line. Most 12-bit con- 
verters are used for high resolution rather than high linearity, 
since few transducers are more linear than +0.1%. All classic 
binarily weighted converters require +1/2 LSB (+.012%) linear- 
ity in order to guarantee monotonicity, which requires very tight 
resistor matching and tracking. This new circuit uses conven- 
tional bipolar processing to achieve high differential linearity and 
monotonicity without requiring correspondingly high linearity, or 
conformance to an ideal straight line. 


One design approach which provides monotonicity without re- 
quiring high linearity is the MOS switch-resistor string. This cir- 
cuit is actually a full complement to a current switched R-2R 
DAC since it is slower, has a voltage output, and if implemented 
at the 12-bit level would use 4096 low tolerance resistors rather 
than a minimum number of high tolerance resistors as in the 
R-2R network. Its lack of speed and density for 12 bits are its 
drawbacks. 


The technique used in the Am6012 combines the advantages of 
both the R-2R and 2"R approaches. It is inherently monotonic, 
fast, and uses untrimmed resistors which are actually fewer in 
number than the classic R-2R ladder. 


In order to properly describe the new design technique, the stan- 
dard R-2R ladder approach used in previous 12-bit DAC’s will first 
be discussed. Figure 1 shows the twelve-bit currents which are 
used in all possible binary combinations to generate 4096 analog 
output levels. The resistor ladder tolerance is most critical for the 
major carry, where the 11 least significant bits turn off and the 
most significant bit turns on. If the MSB is more than 1pA low, or 
—.05%, the converter will be nonmonotonic. Table 1 shows the 
maximum tracking error which can be allowed over a 100°C range 
to maintain monotonicity, which is +1 LSB D.N.L. Achieving +1/2 
LSB differential nonlinearity is especially difficult since it requires 
a tracking temperature coefficient of +1.25 ppm/°C. 


Figure 2 shows the transfer characteristic for the new technique, 
called the segmented DAC. The 4096 output levels are com- 
posed of 8 groups of 512 steps each. Each step group is gener- 


ated by a 9-bit DAC, and each of the segment slopes is deter- 
mined by one of 8 equal current sources, as shown in Figure 3. 
The resistors which determine monotonocity are in the 9-bit DAC. 
The major carry of the 9-bit DAC is repeated in each of the 8 
segments, and requires eight times lower initial resistor accuracy 
and tracking to maintain a given differential nonlinearity over 
temperature. 


The operation of the segmented DAC may be visualized by 
assuming an input code of all zeroes. The first segment current 
lo is divided into 512 levels by the 9-bit multiplying DAC and fed 
to the output, Ig9y7. As the input code increases, a new segment 
current is selected for each 512 counts. The previous segment is 
fed to output Iny7 where the new step group is added to it, thus 
ensuring monotonicity independent of segment resistor values. 
All higher order segments feed lout. 


At each segment endpoint, monotonicity is assured because no 
critical resistor tolerances are involved. For example, at the mid- 
point of the transfer characteristic, as shown in Figure 2, I 9 is 
actually generated by the same segment resistor as I3.54, and 
has been incremented by the remainder current of the 9-bit 
DAC. 


In the segmented DAC, the precision of the 8 main resistors 
determines linearity only. The influence of each of these resis- 
tors on linearity is four times lower than that of the MSB resistor 
in an R-2R DAC. Hence, assuming the same resistor tolerances . 
for both, the linearity of the segmented approach would actually 
be higher than that of an R-2R design. 


The step generator or 9-bit DAC is composed of a master anda 
slave ladder. The slave ladder generates the four least signifi- 
cant bits from the remainder of the master ladder by active cur- 
rent splitting utilizing scaled emitters. This saves ladder resistors 
and greatly reduces the range of emitter scaling required in the 
9-bit DAC. All current switches in the step generator are high 
speed fully differential switches which are capable of switching 
low currents at high speed. This-allows the use of a binary scaled 
network all the way to the least significant bit which saves power 
and simplifies the circuitry. 


Diffused resistors have advantages over thin film resistors be- 
yond simple economy and bipolar process compatibility. The 
resistors are fabricated in single crystal rather than amorphous 
material which gives them better long term stability and tracking 
and much higher moisture resistance. They are diffused at 
1000°C and so are resistant to changes in value due to thermal 
and chemical causes. Also, no burn-in is required for stability. 
The contact resistance between aluminum and silicon is more 
predictable than between aluminum and an amorphous thin film, 
and no sandwich metals are required to enhance or protect the 
contact or limit alloying. The initial match between two diffused 
resistors is similar to that of thin film since both are defined by 
photomasks and chemical etching. Since the resistors are not 
trimmed or altered after fabrication, their tracking and long term 
characteristics are not degraded. 


TABLE 1 . 
RESISTOR SPECIFICATIONS 


Initial Matching 
Required for 
+1 LSB DNL (%) 


No. of 
Resistors 


Ladder Type 


Straight R-2R 


Tracking Required for 
+1 LSB DNL (ppm/°C) 


0 Initial DNL | 1/2 LSB Initial DNL 1/4 LSB Initial DNL 


Tracking Req'd. for 
+1/2 LSB DNL (ppm/’C) 
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Figure 1. Traditional R-2R D/A Converter. 
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Figure 3. Segmented DAC Functional Diagram Used in Am6012. LIC-856 
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Am6012 


CMOS, HTL 





(See Notes 1 and 2) 


Notes: 
1; 


Set the voltage “A” to the de- 
sired logic input switching 
theshold. 


. Allowable range of logic 


threshold is typically —5V to 
+13.5V when operating the 
DAC on +15V supplies. 


Interfacing Circuits for ECL, CMOS, HTL Logic Inputs 


CRT DISPLAY DRIVER 


O +120VDC 


= 
st 


MODE LEVEL 7 i 
“X" INPUT 
e 


——Io Ip —= 


Notes: 1. Full differential drive lowers power supply voltage. 
2. Eliminates inverting amplifiers and transformers. 
3. Independent beam centering controls. 


HIGH-SPEED 12-BIT A/D CONVERTER 


+Verer 
Vin O o 


a 

= ee ee 

ae Ol el 

te 

2 ee 

a i oe oe ee es oe 

(es 

Conversion Time t+ 4} 4 

300nsec DAC settling SRR 
50nsec SAR 


- 300nsec Comparator 


650nsec 
x13 (12 bits + reset) 


8.5pusec Total 
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Am6080 


Microprocessor System Compatible 8-Bit High Speed Multiplying D/A Converter 






















DISTINCTIVE CHARACTERISTICS 


e 8-Bit D/A with 8-Bit input data latch 

e Compatible with most popular microprocessors including 
the AmZ8000 and the Am2900 Families 

Write, Chip Select and Data Enable logic on chip 

DAC appears as memory location to microprocessor 
MSB inversion under logic control 

Differential current output 

Choice of 6 coding formats 


Fast settling current output —160ns 

Nonlinearity to +0.1% max over temperature range 
Full scale current pre-matched to +1 LSB 

High output impedance and voltage compliance 

Low full scale current drift - +5ppm/°C 

Wide range multiplying capability —2.0MHz bandwidth 
Direct interface to TTL, CMOS, NMOS 

High sneed data latch — 80ns min write time 





GENERAL DESCRIPTION 
The Am6080 is a monolithic 8-bit multiplying Digital-to-Analog 









between reference and full scale current eliminates the need for 


converter with an 8-bit data latch, chip select and other control full scale trimming in most applications. 
signal lines which allow direct interface with microprocessor 
buses. : 


| The Am6080 guarantees full 8-bit monotonicity. Nonlinearities as 
The converter allows a choice of 6 different coding formats. The tight as 0.1% over the entire operating temperature range are 
most significant bit (D7) can be inverted or non-inverted under the available. Device performance is essentially unchanged over the 
control of the code select input. The code contro! also provides a full power supply voltage and temperature range. 
zero differential current output for 2’s complement coding. A high 

voltage compliance, complementary current output pair is pro- 
vided. The data latch is very high speed which makes the - 
Am6080 capable of interfacing with high speed microprocessors. 


Applications for the Am6080 include microprocessor compatible 
data acquisition systems and data distribution systems, 8-bit A/D 
converters, servo-motor and pen drivers, waveform generators, 
Monotonic multiplying performance is maintained over a more programmable attenuators, analog meter drivers, programmable 
than 40 to 1 reference current range. Matching within +1 LSB power supplies, CRT display drivers and high speed modems. 





CONNECTION DIAGRAM 
Top View 


EQUIVALENT CIRCUIT 






LSB MSB CODE 
Do Dy Do D3 Dy Ds Dg Dy SEL V+ 
) 







e 
CODE SELECT 1[ | cope SEL V+ [| 20 POSITIVE POWER SUPPLY 









(MSB) D7 INPUT Ip {_] 19 OUTPUT 




















Dg INPUT Io |_] 18 OUTPUT 
= Ds INPUT - |] 17 NEGATIVE POWER SUPPLY 
a lo Dy INPUT 5 comp {_] 16 COMPENSATION 
se D3 INPUT 6 VreF(—)|_] 15 NEGATIVE REFERENCE 


Vreri+) |_] 14 POSITIVE REFERENCE 





D> INPUT 7 


De | | 13 DATA LATCH ENABLE 





D, INPUT 


(LSB) Dp INPUT 9 wi] 12 WRITE 





GND 10 [_| GND cs [_] 11 CHIP SELECT 


Pin 1 marked for orientation. 


LIC-061 LIC-062 
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Am6080 
MAXIMUM RATINGS 
Operating Temperature 


' Am6080ADM, Am6080DM -55°C to +125°C 


Am6080ADC, Am6080DC 
Am6080APC, Am6080PC 0°C to +70°C 













Power Supply Voltage +18V 
Logic Inputs —5V to +18V 
Analog Current Outputs —12V to +18V 


Reference Inputs (V14V45) V- to V+ 
Storage Temperature —65°C to +150°C | Reference Input Differential Voltage (V14 to Vj5) +18V 
Lead Temperature (Soldering, 60 sec) 300°C | Reference Input Current (I,,4) 1.25mA 


















ELECTRICAL CHARACTERISTICS 


These specifications apply for V; = +5V, V_ = —15V, Ipee = 0.5mA, over the operating temperature range unless otherwise specified. 
Output characteristics refer to all outputs. 


Am6080A Am6080 
Parameter tidak dat Conditions Min. Typ. Max. Typ. Max. Unit 


[—_[Resoton ae 
= 
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Ee 
a 
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ee 
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%FS 


%FS 


Vrer = 10.000V 
Ny _ Ris = 20. 000k 
= 25°C 


Output Voltage 

Compliance 

Full Scale ize 
Symmetry FS1 — 'FS1 


Zero Scale Current 


+.002 


Volts 


Logic “0” 
Logic “1” 


a Input Current — = —5V to +18V 


Reference Bias | 
Current 
di/dt Reference Input Ry4(eQ) = 8002 
Slew Rate CC = OpF 


PSSles+ | Power Supply V+ = +4.5V to +5.5V, V- = —15V +0.0003 
Sensitivity V— = —13.5V to — 16.5V, V+ = +5V +0.0005 


Volts 


mA/S 


+0.01 
+0.01 


ets 
0.55 | 
era 
He Volts 
4 | 
wats 
| £0.01 | 


Power Supply 


IREF = 0.57 » Vout = 0V Volts 


V+ = +5V, V- = -5V 


Power Suppl 
PPY V+ = +5V, V-— = -—15V 
Current . 


V+ = +15V, Ve = —15V 


V+ = +5V, V- = —5V 
Dissipation V+ = +5V, V— = -15V 
= +15V, y-= —15V 
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Am6081 


Microprocessor System Compatible 8-Bit High Speed Multiplying D/A Converter 





_ DISTINCTIVE CHARACTERISTICS 


@ 8-Bit D/A with 8-Bit input data latch 
@ 


Compatible with most popular microprocessors including 
the AmZ8000 and the Am2900 Families 

Write, Chip Select and Data Enable logic on chip 

DAC appears as memory location to microprocessor 
MSB inversion under logic control 

Differential current outputs 

Outout current mode multinlexer with loaic selection 
2-Bit status latch for output select and code select 
Choice of 8 coding formats 





GENERAL DESCRIPTION 


The Am6081 is a monolithic 8-bit multiplying Digital-to-Analog 
converter with an 8-bit data latch, a 2-bit status latch, chip 
select and other control signal lines which allow direct inter- 
face with microprocessor buses. 


_ The converter allows a choice of 8 different coding formats. 
The most significant bit (D7) can be inverted or non-inverted 
under the contro! of the code select input. The code control 
also provides a zero differential current output for 2’s com- 
plement coding. A pair of high voltage compliance, dual com- 
plementary current output channels is provided and is 
selected by the output status command. The output multi- 
plexer.also allows analog bus connection of several convert- 
ers, range or output load selection, and time-shared operation 
between D/A and A/D functions. The data and status latches 
are high speed which makes the Am6081 capable of interfac- 
ing with high speed microprocessors. The DE and SE control 
signals allow the data and status latches to be updated 


EQUIVALENT CIRCUIT 


LSB MSB 
Dp D1D2D3D405Dg D7 





m mea 


VREF(+)0° 


COMP 


GND 





































Fast settling current output — 200ns 

Nonlinearity to +0.1% max over temperature range 
Full scale current pre-matched to +1 LSB 

High output impedance and voltage compliance 

Low full scale current drift - +5ppm/°C 

Wide range multiplying capability -2.0MHz bandwidth 
Direct interface to TTL, CMOS, NMOS 

Output range selection with on chin multinioxer 


High speed data latch — 80ns min write time 


individually or simultaneously. 


Monotonic multiplying performance is maintained over a more 
than 40 to 1 reference current range. Matching within +1 LSB 
between reference and full scale current eliminates the need 
for full scale trimming in most applications. 


The Am6081 guarantees full 8-bit monotonicity. Nonlinearities 
as tight as 0.1% over the entire operating temperature range 
are available. Device performance is essentially unchanged 
over the full power supply voltage and temperature range. 


Applications for the Am6081 include microprocessor compati- 
ble data acquisition systems and data distribution systems, 
8-bit A/D converters, servo-motor and pen drivers, waveform 
generators, programmable attenuators, analog meter drivers, 
programmable power supplies, CRT display drivers and high 
speed modems. 


CONNECTION DIAGRAM 
Top View 


e: 
CODE SELECT 1| | CODESEL V+ |__| 24 POSITIVE POWER SUPPLY 


-  {MSB) D7 INPUT 2[__| OUT SEL [”_] 23 OUTPUT SELECT 


Dg INPUT 3[ J} Dg 62 [_] 22 SuTPUTS 


Ds INPUT 4[_] D5 12 [_] 21 output 2 








Dy INPUT D, 10; [__} 20 OUTPUT 1 












D3 INPUT 10, [_] 19 OuTPUT1 


Am6081 





"Dg INPUT v- [__] 18 NEGATIVE POWER SUPPLY 


D, INPUT comp [__]17 COMPENSATION 





(LSB) Dg INPUT Vrer(—) |__| 16 NEGATIVE REFERENCE 





Vreri+) [__] 15 POSITIVE REFERENCE 


SE |_| 14 STATUS LATCH ENABLE 





GROUND 12 [ _| DE {| 13 DATA LATCH ENABLE 


LIC-002 
























Am6081 


Am6081 FUNCTIONAL PIN DESCRIPTION 


Symbol Function 


Chip Select — This active low input signal enables 
the Am6081. Writing into the data or status latches 
occurs only when the device is selected. 


Data Latch Enable — This active low input is used 
to enable the data latch. The CS, DE, and W must 


Code Select — Input to the CODE SEL latch. The 
latch is transparent when CS, SE and W are ac- 


tive and is latched when any of the above signals 


go inactive. When CODE SEL latch = O, the MSB 
(D7) is inverted and 1 LSB balance current is 
added to the lg output. 


Output Select — Input to the OUT SEL latch. The 
latch is transparent when CS, SE and W are ac- 
tive and is latched when any of the above signals 


be active in order to write into the data latch. go inactive. When the OUT SEL latch is low, the 


channel 1 output pair (Io1, 191) is selected. When 
the OUT SEL latch is high, the channel 2 output 
pair (loo, Iog):is selected. 


Status Latch Enable — This active high input is 
used to enable the status latches. The CS, SE, 
and W must-be active in order to write into the 
~ status latches. VREF(+) Positive and negative reference voltage to the ref- 
Vrer(—) erence bias amplifier. These differential inputs allow 
Write — This active low control signal enables the the use of positive, negative and bipolar references. 
data and status latches when the CS, DE, and SE 


; COMP Compensation — Frequency compensating terminal 
inputs are active. 


for the reference amplifier. 


lor lo4 These high impedance current output pairs are 
Data is transferred to the data latch when CS, DE, loz, lo2 selected by the output select latch. lo; and Io2 are 
and W are active and is latched when any of the true outputs and lo; and Io are complementary 
enable signals go inactive. outputs. 


Do-D7 are the input bits 1-8 to the input data latch. 


FUNCTION TABLES 
CODE SELECT AND 
OUTPUT SELECT 


CODE OUT 
SEL SEL 


DATA LATCH CONTROL STATUS LATCH CONTROL 


— CODE SEL and 
CS W_ SE. OUTSEL Latch 


To Te] oe] tensparen | [0 ]o] 1] Tanspaen 
se 
es 
Tx taches 


CS W ODE Data Latch Function 


0 [= [NSB inverted (ote) 
Se: ies MSB Non-inverted 

=~ [2 [ont cramer 
P= [4 [output chemnst2 


X = Don't Care 


Note 1. 1 LSB balance current is added to the Ig output. 





MAXIMUM RATINGS 


Operating Temperature Power Supply Voltage +18V 
Am6081ADM, Am6081DM —55°C to + 125°C | Logic Inputs —5V to +18V 


Lead Temperature (Soldering, 60 sec) 300°C 














GUARANTEED FUNCTIONAL SPECIFICATIONS — 


Resolution 


eed 


Monotonicity 
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Am6108 


Microprocessor System Compatible 8-Bit A/D Converter 


PRELIMINARY DATA 


DISTINCTIVE CHARACTERISTICS 


148 conversion time 

Trimmed internal voltage reference 

0.1% nonlinearity 

Ratiometric operation 

Low operating voltages 

Internal matched gain reference and offset resistors 
Microprocessor compatible 

3-state outouts 

Pin-programmable unipolar or bipolar twos complement 
conversion 

Conversion complete available as interrupt or as multiplexed 
output on data bus 


GENERAL DESCRIPTION 


The Am6108 is a microprocessor compatible 8-bit high-speed 
analog-to-digital converter. The Am6108 is the first fully 
monolithic high-speed A/D to include a precision reference, 
DAC, comparator, SAR, scale resistors, output 3-state buffers 
and control logic. The Am6108 is capable of completing an 8-bit 
conversion in under one microsecond and can handle input vol- 
tage ranges of 0 to 10V, 0 to 5V, and +5V without external 
comnonents. With apnronriate external resistors, the user can 
program the device to operate on other input signal ranges (2 or 
3 precision resistors are required). Full 8-bit performance is 
guaranteed over temperature. The device has 3-state outputs 
for bus compatibility and two status outputs — one a standard 
TTL signal and the other available as a status output on the data 
bus. 


The Am6108 is useful in microprocessor-based systems, or can 
be used in a stand-alone mode. The conversion time is short 
enough to allow most microprocessors to accept data im- 
mediately after requesting a conversion. Applications include: 
Analog I/O subsystems and servomechanism control. 





EQUIVALENT CIRCUIT 


REFERENCE 
AMPLIFIER 
INPUT 


ANALOG 
GROUND 


GAIN 
RESISTOR 


VREF 


CONTROL LOGIC 







+ 


cLock ( \ DST (\ 


CODE 
SEL 


DIGITAL 
OUTPUT 


ORDERING INFORMATION 


Temperature 
Range 


—55 to +125°C 
0 to 70°C 
0 to 70°C 
Dice 
Dice 


Order 
Number 


AM6108DM 
AM6108DC 


AM6108PC 
AM6108XM 
AM6108XC 


DIGITAL TO ANALOG 
CONVERTER 





COMPENSATION 


SUCCESSIVE 
APPROXIMATION 
REGISTER 


NON-INVERTING 


COMPARATOR INVERTING 


INPUT Rin Rorr COMPARATOR = !o 
o——_<_] +5v 
oa ———< } -5V 
c ™\ GND 


~ 860 


POSITIVE POWER 
LSB D 


f 


Dy OUTPUT/CON' 


cor 





AmZ8000 
Microprocessor 
Family 


CHAPTER 


Memories 








Am3514 

Am9214 

Am9208B 
Am9208C 
Am9208D 
Am9216B 
Am9216C 
Am9217A 
Am9217B 
Am9218B 
Am9218C 
Am9232B 
Am9232C 
Am9233B 
Am9233C 


AMD MOS ROM Selector Guide 
awe | size 


4K 512 x 8 
4K 512x8 
8K 1024 x 8 
8K 1024 x 8 
8K 1024 x 8 
- 2048 x 8 

2048 x 8 

2048 x 8 

2048 x 8 

2048 x 8 

2048 x 8 

4096 x 8 

4096 x 8 

4096 x 8 

4096 x 8 


700nsec 
500nsec 
400nsec 
300nsec 
250nsec 
400nsec 
300nsec 
550nsec 
450nsec 
450nsec 
350nsec 
450nsec 
300nsec 
450nsec 
300nsec 


+5 
+5, +12 
+5, +12 
+5, +12 
+5, +12 
+5, +12 
+5 
+5 
+5 
+5 
+5 
+5 
+5 
+5 


Power Operating 
Supplies Range 
+5 24 C 


= <sfeset 


<= 


= 


Package Type 





Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 
Plastic, hermetic 





Waoao0nnnnnanaaan0n 
zzz 


Ordering Information 


Access Time 
450ns 400ns 350ns 250ns 


O°C < Ta < +70°C Am9217BPC | Am9208BPC | Am9218CPC | Am9208CPC | Am9208DPC 
| Am9218BPC | Am9216BPC Am9216CPC 
P8316E Am9232CPC 
Am9232BPC Am9233CPC 
Am9233BPC 
Cerdip 0°C <= Ta = +70°C Am9217BCC | Am9208BCC | Am9218CCC | Am9208CCC | Am9208DCC 
Am9218BCC | Am9216BCC Am9216CCC 
C8316E Am9232CCC 
Am9232BCC Am9233CCC 
Am9233BCC 
Side-Brazed| O°C < Ta <= +70°C | Am9217ADC | Am9214DC Am9217BDC | Am9208BDC } Am9218CDC | Am9208CDC Am9208DDC 
Am9218BDC | Am9216BDC Am9216CDC 
| Am9232BDC Am9232CDC 
Am9233BDC Am9233CDC 
Side-Brazed |—55°C < Ty, < +125°C| Am9217ADM ; Am9214DM Am9217BDM | Am9208BDM Am9208CDM 
Am9216BDM 
Am9233BDM | 


Understanding the AMD ROM P/N 


Example: Am 9218 B P C 31500 


fo Customer Identifier 


A unique 5 digit code is 
assigned to each customer 
pattern by product marketing 








Package 


Operating 
Type Temp. Range 






300ns 


550ns 500ns 
Am9217APC | Am9214PC 












Am9217ACC | Am9214CC 
C8316A 



























Basic Device 


Temperature Range 

C = 0°C to +70°C 

M = — 55°C to +125°C 
= — 25°C to +85°C 

= Special 


Speed 
A = 500 or 550nsec 
B = 400 or 450nsec 
C = 300 or 350nsec 
D = 250nsec 


Package Type 
P = Plastic C= Cerdip | 
D = Ceramic Side-Brazed L 
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MOS ROM Selector Guide 


AMD ROM Flow 


— Points AMD CUSTOMER 


. Be sure to specify all Chip Selects. 
Be sure to specify device marking. 
3. Be sure that the format for the input 

data is included with the data. 
4. Delivery times for both prototypes 
and production units are dependent 
on the turnaround time required by 
the customer for verification. 


CUSTOMER 
DATA 


PRINTOUTS 


1 Week after receipt of customer data, a 
printout in Hexadecimal and/or AMD 

Hexadecimal! IBM cards will be sent PRINTOUT 
for customer verification. 


VERIFICATION 





MASK 


4 Weeks after verification of the printouts, GENERATION 
10 prototypes per code are shipped 





to the customer for verification. 


6 Weeks after verification ot prototypes, 
production quantities (up to 1000 pcs. 





PROTOTYPE 
per code) can be shipped. ? 
PROTOTYPE 
VERIFICATION 
Preferred Data Format: 
AMD HEXADECIMAL 
Acceptable Formats: PRODUCTION 


E-PROMs (2708/2716) 
Intel Hexadecimal 





Intel BPNF 

a ae PRODUCTION 
1. Binary | SHIPMENTS 

Motorola Hexadecimal 

T.I. Octal 


MOS ROM Selector Guide 


AMD Preferred Format 


PROGRAMMING INSTRUCTIONS 
Custom Pattern Ordering Information 


The Am9208/Am9216/Am9217/C8316A/ 
Am9218/C8316E/Am9232/Am9233 are programmed from 
punched cards, card coding forms or from paper tape in card 


FIRST CARD 

Column Number 
10 inrougn 23 
32 through 37 


Description 

Customer Name 

Total number of “1”s contained in 

the data. 

This is optional and should be left 

blank if not used. 

9208B, 9208C, 9208D, 9216B, 9216C, 
8316A, 9217A, 9217B, 8316E, 9218B 
9218C, 9232B, 9232C, 9233B or 9233C 


Data. 


50 through 62 


65 through 72 


The Hexadecimal Option is a compact way of presenting the 
data. This format requires only 32/64/128/256 data cards. Each 
data card contains the 8-bit output information for 16 storage 
locations in the memory. The address indicated in columns 


21, 22 and 23 is the address of the data presented in columns — 


30 and 31. Addresses for successive data are assumed to be 
in incremental ascending order from the initial address. Since 


[21}22} 23) ° [30/31] 32|33] 34] 35] 36}37| 38] 39]40} 41|42[43]44] 45]46|47|48}49|50|51]52] 53] 


image form in the format as shown below. 


Logic “1” = a more positive voltage (normally +5.0V) 
Logic “0” = a more negative voltage (normally OV) 


SECOND CARD 
Column Number Description 
2s CS; input required to sctect chip 
(0 or 1) only for 9217, 8316A, 9218, 
8316E 
31 CS. input required to select chip 
(O or 1) 
33 CS, input required to select chip 
(0 or 1) 


35 CSo input required to select chip 
(0 or 1) only for 9214 


the address in columns 21, 22 and 23 indexes the first data on 
the card, column 23 is always a zero. Columns 21 and 22 take 
all hex values from 00 through 1F/3F/7F/FF cards in all. Data is 


entered in hex values and may be any combination of 8 bits, 


that is, hex values from 00 through FF. 


Fo} | +] | ay Se ee ee ae ee ee ee ea 


3154[55] 56) 57/58/59/60} ataotataratrhaatata 


® 
mu © 4K = 
e 


e 
am @ 8K =o 


mas 6@ 16K = = 
e 


am © 32K = os 
e 
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MOS ROM Selector Guide 


ADDRESS? 
AOORESS 8 
ADDRESS 9 
ADDRESS 10 
ADDRESS O 
ADDRESS 1 
ADDRESS 2 
AODRESS 3 
ADDRESS 4 
ADORESS 5 
ADDRESS 6 


(GND) Vig 


ADDRESS 7 [|] 
aporessé[ | 
AopResss[_] 
aporess4[ | 
ADDRESS 3] | 
aporess2[_| 
ADDRESS} 
AOORESSO[ | 
OuTPUT IT | 
ouTeuT2[ | 
outpuT3{ | 


(GNO}WV¢s [| 


Am9217 
8316A 





Connection Diagrams (Top views) 


Am9208 















Voc (+5.0V) 


QUTPUT 1 
OUTPUT 2 
OUTPUT 3 
OUTPUT 4 
OUTPUT 5 
OUTPUT 6 
OUTPUT ? 
OUTPUT 8 
CS4/CSy 
CS2/CS 2 


CS3/CS3 


Voc (+5¥) N.C. [_] 
ADDRESS 8 CS2/CS, [| 
ADORESS 9 CS4/TS4 [| 
NC ouTPuTo [| 
cs,/CS, OUTPUT 1 [7 
Vpp(t!2V) OUTPUT 2 [—} 
CS2/CS5 OUTPUT 3 [_] 
OUPTUT 8 ouTruT 4 [—_| 
OUTPUT 7? ouTeuTs [| 
|] output 6 output 6 [_] 
|__| OurPuTs outeuT 7 [| 
| _] outPuT 4 IGND) Ves [| 


Am9218 
8316E 















ADDRESS 7 (1 


Voc!t5.ov) 


aporess6[_| ADDRESS 8 


aopress 5[_| ADDRESS 


AppRess4] | csa/Cs3 


appress3[_| csv/eSt 


AODRESS2[ | ADORESS 10 


Aopress 1[ 7] cs2/CS2 
ADORESSO[ | QUPTUT 8 
NutTeuTi[ | OUTPUT 7 
Oouteut2[ | OUTPUT 6 


ouTeuT al | |} OuTPUTS5 


(GND) Veg [| |__| OUTPUT 4 


Am9214 
















247 | Yec!*5¥) ADDRESS 7 | | 


P) csy/ts, 


T] SS0/FSq 


aooress6[_| 


ADDRESSS[ | 


ADDRESS 0 ADOARESS AT | 
ADDRESS 1 ADDRESS3[ | 
ADDRESS 2 ADDRESS 2[ | 
ADDRESS 3 AopReEssi{ | 
ADORESS 4 ADDRESSO| | 
AODRESS 5 ouTPuTI| | 
ADDRESS & ouTeuT2{ | 
|__| ADDRESS 7 ouTPUT a | 


13 [_] Avonesss {GNO) Vcg [1] 


Am9232 
















ADDRESS 7[ | Veco SV) 
aopress6[ | ADDRESS 8 
aooresssf[ | ADDRESS 9 
avoress 4[_) CSg/TSPINC 
aporess3[ _| CS1/E5,/NC 
ADDRESS 2 [_| ADDRESS 10 
AppRess 1[_| ADORESS 11 
AODRESSO[ | 3 OUPTUT 8B 
ouTPpuT t{ _| OUTPUT 7 
output 2[ | OUTPUT 6 
output 3[_| r~ } OUTPUT 5 
(GND) Vg¢ [| | | OUTPUT 4 
















Vec(+6¥) 
ADORESS 8 
AODRESS 9 
ADDRESS 10 
C$, CS, 
Ypol+12v) 
CSaiCS2 
OUPTUT 8 
OUTPUT 7 
OUTPUT & 
OUTPUT 5 


OUTPUT 4 


Am9233 
















ADDRESS 7 [—} Vee (*5¥) 


ADDRESS6[ } ADDRESS 8 
AODRESS 5 [| ADDRESS 9 
ADDRESS 4[ | ADORESS 11 
ADDAESS3[ | CS, /CSy/NC 
ADORESS2[_| AODRESS 10 
ADDRESS 1[ | CS2/ESQ/NC 
ADDRESSOT | ‘OUPTUT 8 
ouTeuTif | OUTPUT 7 
outPuT2[_] , | OUTPUTS 
output 3[ ] 


(GND) Veg [_] 


| | OUTPUTS 


[_] outeut 4 


Bipolar Memory 
Cross Reference Guide 


PROMs COMMON GENERIC SERIES CHARACTERISTICS 


® High 


@ Temperature and voltage compensated for excellent 
military performance 


@® High 
@ Ultra 


speed ; @ High programming yields 
@ Low current PNP inputs 
reliability fuse technology — platinum-silicide @ Access time tested with N* patterns 


-fast programming 


PROMs CROSS REFERENCE GUIDE 


£ 
ty 


Am27LS18 
(Note 2) 


Am27LS19 
(Note 2) 


Am27S18 
Am27S19 
Am27S20 
Am27S21 
Am27S12 


Am27S13 


Am27S15 
Am27S25* 
(Note 3) 


Am27S26 


Am27S27 


Am27S28 
Am27S29 
Am27S30 
Am27S31 
Am27S32 
Am27S33 
Am27S180 
Am27S181 


anarsien"| e192 | amex | oc fie] | _ 
anarsies™| e102 | 200@ xa [908 [1e[ | | wreas | 


*Available 4th Qtr. 1979 


~~ 
¢ 
¥ < 


¥ 

a 

a 
53/6300-1 DM54/74S387 


6306-1 DM54/74S571 


IM5603A 
IMS6S03 


[wer] | | [ome me |e 
[ae] | ee |e mr |e 
me [oer] | | |e mo |e 
me [ee] | | |e |e 


| 4os6 | sizxe | as | 24 | oro | | HMvea7R | 


fom] sexe | es |e late | 
fom | sexe} oc} zfamen) | | 
fom | szxe| ss |e loatyl | | 
[aoe | siaxe | 06 [0] sso [| nwvese |_| | saa | onearasera 
[woos | srexe | a8 | 20] sso] | wwe |_| 
[aooe | sr2xe | 06 | a+ | ssivo | ooaee| nureao | seas | mesos | sare | OMrversa7s. 
[toes | siaxe | 28 | e+ | sao | eoue| nurs | abze | seas | saeoe | OMrve7sare_ 
Taove [s02e xa [06 | 18 | sso | eoasal nurese | eas | sae 

[a00e [soe xa | 2s | te | sso | ease] nurese | aces | msec | saeco | omearassra 
Fava [ 1024xe [0c [24 oreo | eo4so| nureso | aeoe | | saan | omrniersteo 
Faroe [ 1o2¢xe | a8 | 24 | corso | ooast| rarer | seco = 


aa 
Trees |_| | swearoo | owrvrersea | 


EEE | 


IM56S04 


IM5624 
IM56S24 


**Available 1st Qtr. 1980 


Notes: . 5 Boe 


2 
3. 
4 


COML = 0 to 75°C, Vog = 5V 25% 
MIL = —55 to +125°C, Voc = 5V 410% 


. Replaces Am27LS08/09. 


Slimline 24-pin package — 300 mil lateral centers. 
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® Over 4 billion life test hours — no fuse failures 


N/S82S23 


N/S82S126 


N/S82S131 


-N/S82S146 
N/S82S147 
N/S82S140 


Rs 

@ 

& 
Ss 


N/S82S137 
N/S82S480 
N/S82S181 

N/S82S184 
N/S82S$185 


& 


SN54/74188A 
SN54/74S188 


SN54/74S288 


SN54/74S387 


SN54/74S$287 


SN54/74S8473 
SN54/74S472 
SN54/74S475 
SN54/74S474 
SN54/74S477 
SN54/74S476 
SN54/74S479 
SN54/74S478 


. Normal access time not applicable — this product contains built in pipeline registers — nominal address to clock set up time 4Ons, clock to output 15ns. 











Bipolar Memory Cross Reference Guide 


PROMs COMMON GENERIC SERIES PROGRAMMING INFORMATION 












All AMD Bipolar PROMs must be programmed on Approved manufacturers are: Card Set # 
AMD approved equipment only. Data 1/0 Corp. 909-1286-1 
| Pro-Log Corp. PM9058 
ADAPTORS: AMD P/N DATA 1/0 PRO-LOG AMD P/N DATA W/O PRO-LOG 


AM27LS18/19 715-1407-1 PA 16-2 and 32 X 8 (L) AM27S26/27 715-1412-2 PA 22-4 and 512 X 8 (L) 
AM27S18/19 = 715-1407-1 PA 16-6 and 32 X 8 (L) AM27S28/29 715-1413 PA 20-4 and 512 X 8 (L) 
AM27S20/21 =_715-1408-1 PA 16-5 and 256 X 4 (L) AM27S30/31 715-1545 PA 24-13 and 512 X 8 (L) 
AM27S12/13 = 715-1408-2. PA 16-5 and 512 X 4(L) AM27S32/33 715-1414 PA 18-6 and 1024 X 4 (L) 
AM27S15 715-1411-1 PA 24-14 and 512 X 8 (L) AM27S180/181 715-1545-2 PA 24-13 and 1024 X 8 (L) 
AM27S25 715-1617 PA 24-16 and 512 X 8 (L) AM27S184/185 715-1616 PA 18-8 and 2048 X 4 (L) 





RAMs COMMON CHARACTERISTICS 


@ High speed | e@ Internal ECL circuitry for optimum speed/power 


@ Low power performance 
e Temperature and voltage compensated for excellent @ Functional and switching characteristics tested for all data 
military performance and address patterns 





RAMs CROSS REFERENCE GUIDE 











¢ & NN ry wv 
my — > & 
) gx J » Fs Sy = ¥ of $ s 
= = fy vy > @re <> &< « ~ < oe 
ey e & €§ s&$#séeF ¥F F&F SF Ff Rg &§ 
vad F re) So AP TSS LL S = = = Sg & 
Ultra-High 
Am27S02 N/S82S25 
Am74/54S289 | HighSpeed | 16x4 | OC | 35/50 | 550/580 | 74S289| 3101A 65/5560 | DM74/54S289 | N/S74/54S289 | SN74/54S289 
Am3101A N/S3ID1A 
Am27S03 | 
Ultra-High 
Speed 
A , 
m27S06/07 Noninverting| 18% 4 |OC/S | 26/30 | 525/580 
Output 
Am3101-1 | 
Low Power 
Am27LS02 ag a | texe | oc | 55/65 | 185/210 oh L65/5560 purasaiszes) | 
Low Power | DM74/54LS189 
Am27L809 _| High Speed sexe | 95 outa ian lt lle ene! | OMesise ae 
Low Power 
High Speed 
Am27LS06I07 | oh inverting oc/3s | 55/65 | 185/210 
— Output 
Low Power 
Ultra-High 
931420 : ehnaeties SN74/54S201 
Am27LS00 45/55 | 370/385 | 93421 | 3106 65/5531 | DM74/54S200 SN74/54S200 
| N/S74/545200 | Ovo deat S000 
N/S74/54S201 
N/S82S117 SN74/54S301 
Am27LS01 | eeaial oc | 45/55 | 370/385 so 3107 65/5530 | DM74/54S206 | N/S82S17 SN74/54S300 
N/S74/54S301 | SN74/54LS300 


*Available 4th Qtr. 1979 **Available 1st Qtr. 1960 


Am9016 


16,384 x 1 Dynamic R/W Random Access Memory 


DISTINCTIVE CHARACTERISTICS _ GENERAL DESCRIPTION 


High density 16k x 1 organization The Am9016 is a high speed, 16k-bit, dynamic, read/write 
Direct replacement for MK4116 random access memory. It is organized as 16,384 words by 
Low maximum power dissipation — 1 bit per word and is packaged in a standard 16-pin DIP. The 

462mW active, 2OmW standby basic memory element is a single transistor cell that stores 
High speed operation — 150ns access, 320ns cycle charge on a small capacitor. This mechanism requires periodic 
+10% tolerance on standard +12, +5, —5 voltages refreshing of the memory cells to maintain stored information. 


LA esa agiae interface signals All input signals, including the two clocks, are TTL compatible. 
eae Geer Padetniaderclsciang onus The Row Address Strobe (RAS) loads the row address and the 
128 evcleretreshine Column Address Strobe (CAS) loads the column address. The 
Unlatched data output row and column address signals share 7 input lines. Active 
Standard 16-pin, .3 inch wide dual in-line package ' cycles are initiated when RAS goes low, and standby mode is 

a entered when RAS goes high. In addition to normal read and 


Double poly N-channel silicon gate MOS technology é ; : : 
Saisces . write cycles, other types of operations are available to improve 
OME TEES felanilicy eseutonye eng versatility, performance, and power dissipation. 


The three-state output buffer turns on when the column access 
time has elapsed and turns off after CAS goes high. Input and 
output data are the same polarity. 


BLOCK DIAGRAM 


———— VOD 


CLOCK 

GENERATOR WRITE —_——-—— VCC 
NO. 1 CLOCKS 

MULTIPLEXED 


CLOCK 
GENERATOR CATAIR 





MEMORY ARRAY 


10F2 
128 SENSE-REFRESH AMPS ris 

SELECT 
} MEMORY ARRAY ; 


Ez DUMMY CELLS | 
4 COLUMN 
SELECT LINES 


84 
COLUMN DECODERS 
1 OF 64 


AG 


ORDERING INFORMATION 


oC <T. < 470°C Hermetic DIP AMS9016CDC AM9016DDC AM9016EDC AMS016FDC 
Pes Molded DIP AMS016CPC AMS9016DPC AMS016EPC AMS016FPC 





Am9016 


CONNECTION DIAGRAM 


ADDRESS INPUTS 

COLUMN ADDRESS STROBE 
DATA IN 

DATA OUT 

ROW ADDRESS STROBE 
POWER (+12V) 

POWER (+5V) 

GROUND 

POWER (-5V) 

WRITE ENABLE 


Top View 
Pin 1 is marked for orientation, 





MAXIMUM RATINGS beyond which useful life may be impaired 


Storage Temperature | —65°C to +150°C 
Ambient Temperature Under Bias 0°C to +70°C 
Voltage on Any Pin Relative to VBB | —0.5V to +20V 
VDD and VCC Supply Voltages with Respect to VSS —1.0V to +15.0V 
VBB — VSS (VDD — VSS > OV) OV 
Power Dissipation 1.0W 
Short Circuit Output Current 50mA 


The products described by this specification include internal circuitry designed to protect input devices from damaging accumulation of 
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling, and use in order to avoid 
exposure to excessive voltages. 


OPERATING RANGE 
Ambient Temperature VDD vcc VBB 


vss 
OC < Ta < +70°C +12v +10% | +5v+10% | 0 | -5.0v +10% 


ELECTRICAL CHARACTERISTICS over operating range (Notes 1, 11) 
Am9016X 


Parameters Description Test Conditions Min Typ. Max. Units 


V Output HIGH Voltage IOH = -5.0mA _ VCC 
Output LOW Voltage IOL = 4.2mA 
V 












VIHC Input HIGH Voltage for CAS, RAS, WE 7.0 





Output Leakage Current VSS < VO < VCC, Output OFF 
VCC Supply Current Output OFF (Note 4) 


C24 

a4 

ca =o 
[oz 10 
rec] =a 
Tstndby RAS= VO 

me —|[vensnramm ones | apr tn Te 
a 

ra 

eed 

= 


OH 
OL 
IH 
x esevenw 
CC 
BB 


; RAS Cycling, CAS Cycling, 
ee noe sae Minimum Cycle Times 


RAS < VIL, CAS Cycling, 


VDD Supply Current, Average age wecer ADEs Minimum Cycle Times 
RAS Only i0D3 RAS Cycling, CAS = VIHC, 
Refresh Minimum Cycle Times 
=a 






7 
7 


2 
2 


7 





8 





psf oe [sbbp 
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-Am9016 


SWITCHING CHARACTERISTICS over operating range (Notes 2, 3, 5, 10) 








tRCS 
tREF 
tRMW 


ee 
[Reteshinieval SS 
[Read Modiy Wie Gyo Time ‘| 600 
RWC 
(RWO | RAS LOW io WELOW Delay (Noto 8) | _200-_| 
IRWL | WE LOW to RASHIGH Setup Tine | 100 | 


tWCH Write Hold Time 


tWCR RAS LOW to Write Hold Time 


WE LOW to CAS LOW Set-up Time 
(Note 9) 


Write Pulse Width 


Am9016C 

Parameters Description Min Max 

[wn | RASLOW to Coun AddressHosTime | 200 |_| 
PASC | Column Address Setup Time «dy tO | —*d 
Pash | Row Address SetupTime ——*«| oi) 
PicAG | Acoess Time from GAS Notes) «| ——=S—«dt tas 
PICAH | CAS LOW to Column Address Hold Tine | 65 |_| 
icp | Page Mode GAS Precharge Time | 100 |_| 
PICA | CAS to RAS Precharge Time _—«di—-20-'| Ci” 
Picsh | CASHoldTime ——SSSSC*; CSS 

tCWD CAS LOW to WE LOW Delay (Note 9) 145 
WE LOW to CAS HIGH Set-up Time —— 
jor [ict naen ee | | 
Hold Time (Note 7) 
| 1DHR_ | RAS LOW to Data in Valid Hold Time | 200 | 
jos [Sweep mecomn | 8 | 
WE LOW Set-up Time (Note 7) 

HOFF | CASHIGH to OuputOFF Delay | 0 | 60 
ric | Page Mode Cycle Time S«d| | 
TimiaG | Access Time trom RAS (Note 6) «| —=—S*d;=00_*| 
PiRAH | RAS LOW to Row Address Hold Time | «8 |_| 





twCS 





twP 


NOTES 


1. Typical values are for Ty = 25°C, nominal supply voltages and 
nominal processing parameters. 

2. Signal transition times are assumed to be 5ns. Transition times are 
measured between specified high and low logic levels. 

3. Timing reference levels for both input and output signals are the 
specified worst-case logic levels. 

4. VCC is used in the output buffer only. ICC will therefore depend only 
on leakage current and output loading. When the output is ON and 
at a logic high level, VCC is connected to the Data Out pin through 
an equivalent resistance of approximately 1352. In standby mode 
VCC may be reduced to zero without affecting stored data or refresh 
operations. 

5. Output loading is two standard TTL loads plus 100pF capacitance. 

6. Both RAS and CAS must be low to read data. Access timing will 

_ depend on the relative positions of their falling edges. When tRCD is 
less than the maximum value shown, access time depends on RAS 
and tRAC governs. When tRCD is more than the maximum value 

- shown access time depends on CAS and tCAC governs. The 


a 
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oe 
oe 
res [fs [p00 [ds 
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Ts fw [3s | |s | S| nw 
es 
Pio [| wo [pes | re 
of fel al [= 
De fs a 


Am9016D Am9016E Am9016F 


Max Units 












maximum value listed for tRCD is shown for reference purposes 
only and does not restrict operation of the part. 

7. Timing reference points for data input set-up and hold times will 
depend on what type of write cycle is being performed and will be 
the later falling edge of CAS or WE. cae, 

8. At least eight initialization cycles that exercise RAS should be per- 
formed after power-up and before valid operations are begun. 

9. The tWCS, tRWD and tCWD parameters are shown for reference 
purposes only and do not restrict the operating flexibility of the part. 
When the falling edge of WE follows the falling edge of CAS by at 
most tWCS, the data output buffer will remain off for the whole cycle 
and an “early write” cycle is defined. When the falling edge of WE 
follows the falling edges of RAS and CAS by at least tRWD and 
tCWD respectively, the Data Out from the addressed cell will be 
valid at the access time and a “read/write” cycle is defined. The 
falling edge of WE may also occur at intermediate positions, but the 
condition and validity of the Data Out signal will not be known. 

10. Switching characteristics are listed in alphabetical order. 
11. All voltages referenced to VSS. 








Am9016 


SWITCHING WAVEFORMS 
READ CYCLE 


tRC 








sisi sasis_o NAAR ASS LFLAA SSSA Ps ss SAS ses sss sss ssas ed 
desnee XX on aconess  RXYXXNRY| covumm aooness RL 


KAXAAS EXXAAAAAAS EXXAKAAAAAAAAAAAAAKAAAAKAA N 
TXXKKK 00000004 
-_ LX XK XK XX wi XXX v ; j Vav xX LF ts xX 
FF RK KARR KY Laz arelelatateraral 





MOS-192 


tRC 
- tRAS 





tRAH ; tCAH 
tASR tASC - | 


FaVs¥al’, VFarsaVatatatarta’, FUSS VSS PSS SS SS SS SS SS RRA AAMAS SAAS SAS 
ADDRESS RX, nowaconess XRAY cox anoness ORY POOR IKI 
wa AT AAT ATA A.A 


KAA EXXAKAKAKANAKAAAAAAAKAAAA MAAK AAA AAA AAA KZ 










TKK KKK 
KKK KKK 


padsedateatetateatattattattatetattatteitattattatentetty Y, 
WA ar Aa 
tRWL 


es xy) 
KNEAD AAAAXAKARAKY 


XAKX 


tw 


CR ne 
IAAL SSS SSS SSS AAA FLAS SSS Sas SS 
oS XAYRXRXAXAXRXRXAXRARAN) | | invursrance IKON 
: Le tDH 


4 (x CX (YX (x ry + + CX xXx ry (y 

KKK KKK KKK KKK KICK KKK KIKI KKK KKK KKK KKK KKK 
5 10S — 

(OFF) hl 


DO 





MOS-193 


READ-WRITE/READ-MODIFY-WRITE CYCLE 


tRMW 
tRAS 
RAS tAR 


tRcD __—_.| , (ar ae tRSH 
t 


tCSH tCRP 
tcAS 


mand 


moms RNR, os DIRRSAAT Sis DSRS SSR ARR RNR 


tRWO _ tCwL 
tRCS tCwD ‘tRWL 


—— OX KOKO K OOK OK AK 7 
FE Ry ee | 
tRAC tOFF 
frm 


Do 4 OUTPUT VALID 


tRP 
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” ROXRXRXXXKKEKRXRARKEKKKRARKA RRR RERAK AMT ET*BEE YR KRKK RIN 


, | MOS-194 
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Am9016 


SWITCHING WAVEFORMS (Cont.) 
















RAS ONLY REFRESH CYCLE > 
tRC 
tRAS 
RAS 
tRP 
(VIH) 

CAS 
e95050505050'050'¢, AAA AAA AAA AD 
rones SORA, ooones DORR ERS O ROR RRR 














IKI RRR III KKK 








MOS-195 
PAGE MODE CYCLE 


tRAS 
tAR 





—- 


eS aero tPC tRSH 
tRCD tCRP 


tCSH - 
| cP 
tCAS 
tASR 
_— a 
4 
+ 


RX its XXXXA-  coLumn RRR sosues RRID IT conan NA KKK KIKI RK RIOR 
nmPRESS BRA. s20ness TAA ADorESS VARNA RRKKK KY A207 RV, anneess ARERR REE 


PL | EE 
Cc} CI 


twCH 





tWCR 
tRCH 


tRCS tRCH tCWL —e 
HK KKKK KIKI IK A RXYrK RK KKK IKI ION 
FE KICK) KS LR 
, tRWL 
tDS tDH 
RRR, ore ARORA RRR RRO RRRRR RRR RRR 
KKXXXKKKXX KKK KRERKRREKAKAK ARR MEARE RIKER KKK ERK KERN KKK KER EK ANN 
tDHR 
MOS-196 
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Am9016 


APPLICATION INFORMATION 


The Am9016 electrical connections are such that if power is 

applied with the device installed upside down it will be perma- 

nently damaged. Precautions should be taken to avoid this 
mishap. 


OPERATING CYCLES 


Random read operations from any location hold the WE line 

high and follow this sequence of events: 

1) The row address is applied to the address inputs and RAS is 
switched low. 

2) After the row address hold time has elapsed, the column 
address is applied to the address inputs and CAS is switched 
low. 

3) Following the access time, the output will turn on and valid 
read data will be present. The data will remain valid as long 
as CAS is low. 

4) CAS and RAS are then switched high to end the operation. 
A new cycle cannot begin until the precharge period has 
elapsed. 


Random write operations follow the same sequence of events, 
except that the WE line is low for some portion of the cycle. If 
the data to be written is available early in the cycle, it will 
usually be convenient to simply have WE tow for the whole 
write operation. 


Sequential Read and Write operations at the same location can 
be designed to save time because re-addressing is not necessary. 
A read/write cycle holds WE high until a valid read is established 
and then strobes new data in with the falling edge of WE. 


After the power is first applied to the device, the internal cir- 
cuit requires execution of at least eight initialization cycles 
which exercise RAS before valid memory accesses are begun. 


ADDRESSING 


14 address bits are required to select one location out of the 
16,384 cells in the memory. Two groups of 7 bits each are 
multiplexed onto the 7 address lines and latched into the 
internal address registers. Two negative-going externa! clocks 
are used to control the multiplexing. The Row Address Strobe 


(RAS) enters the row address bits and the Column Address. © 


Strobe (CAS) enters the column address bits. 


When RAS is inactive, the memory enters its low power stand- 
by mode. Once the row address has been latched, it need not 
be changed for successive operations within the same row, 
allowing high-speed page-mode operations. 


Page-mode operations first establish the row address and then 
maintain RAS low while CAS is repetitively cycled and desig- 
nated operations are performed. Any column address within 
the selected row may be accessed in any sequence. The maxi- 
mum time that RAS can remain low is the factor limiting the 
number of page-mode operations that can be performed. 


Multiplexed addressing does not introduce extra delays in the 
access path. By inserting the row address first and the column 
address second, the memory takes advantage of the fact that 
the delay path through the memory is shorter for column 
addresses. The column address does not propagate through the 
cell matrix as the row address does and it can therefore arrive 
somewhat later than the row address without impacting the 
access time. 


REFRESH 


The Am9016 is a dynamic memory and each cell must be re- 
freshed at least once every refresh interval in order to maintain 
the cell contents. Any operation that accesses a row serves to 
refresh all 128 cells in the row. Thus the refresh requirement 


_is met by accessing all 128 rows at least once every refresh 


interval. This may be accomplished, in some applications, in 
the course of performing normal operations. Alternatively, 
special refresh operations may be initiated. These special 
operations could be simply additional conventional accesses or 
they could be “RAS-only” cycles. Since only the rows need to 
be addressed, CAS may be held high while RAS is cycled and 
the appropriate row addresses are input. Power required for 
refreshing is minimized and simplified control circuitry will 
often be possible. 


DATA INPUT/OUTPUT 


Data is written into a selected cell by the combination of WE 
and CAS while RAS is low. The later negative transition of WE 
or CAS strobes the data into the internal register. In a write 
cycle, if the WE input is brought low prior to CAS, the data is 
strobed by CAS, and the set-up and hold times are referenced 
to CAS. If the cycle is a read/write cycle then the data set-up 
and hold times are referenced to the negative edge of WE. 


In the read cycle the data is read by maintaining WE in the 
high state throughout the portion of the memory cycle in 
which CAS is low. The selected valid data will appear at the 
output within the specified.access time. 


DATA OUTPUT CONTROL 


Any time CAS is high the data output will be off. The output 
contains either one or zero during read cycle after the access 
time has elapsed. Data remains valid from the access time until 
CAS is returned to the high state. The output data is the same 
polarity as the input data. 


The user can control the output state during write operations 
by controlling the placement of the WE signal. In the “early 
write”’ cycle (see note 9) the output is at a high impedance 
state throughout the entire cycle. 


POWER CONSIDERATIONS 


RAS and/or CAS can be decoded and used as a chip select 


signal for the Am9016 but overall system power is minimized 
if RAS is used for this purpose. The devices which do not 
receive RAS will be in low power standby mode regardless 
of the state of CAS. 


At all times the Absolute Maximum Rating Conditions must 


-be observed. During power supply sequencing VBB should 


never be more positive than VSS when power is applied to VDD. 
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TYPICAL CHARACTERISTICS 


Typical Access Time Typical Access Time Typical Access Time 
(Normalized) (Normalized) . (Normalized) 


tRAC Versus VDD tRAC Versus VBB tRAC Versus vcc 


tRAC (VBB)/tRAC (VBB = —5V) 


tRAC (VCC)/tRAC (VCC = 5V) 
eS = ed = = =~ 
~“ o re] So “ nN 


tRAC (VDD)/tRAC (VDD = 12V) 


; 4s £.9 5.5 8.9 
VDD SUPPLY VOLTAGE — VOLTS VBB — VOLTS vcc — VOLTS 
Typical Access Time 
(Normalized) 





s 
q 











tRAC Versus Typical Operating Current Typical Standby Current 
Case Temperature IDD1 Versus VDD IDD2 Versus VDD 
1.2 
5 
9 41 
th 
E 1.0 t r 
g ! | 
a ~ N 
= 0.9 Q a 
= = 
Z 08 
& 
0.7 
-10 20 50 80 =—-_:110 
Tc, CASE TEMPERATURE — °C VDD — VOLTS VDD — VOLTS 
' Typical Page Mode Typical Operating Current 
Typical Refresh Current Current IDD1 Versus 
IDD3 Versus VDD IDD4 Versus VDD Case Temperature 
< < 
E E 
I | rs 
3 : : 
= a 
a 
VDD — VOLTS | VDD — VOLTS Tc, CASE TEMPERATURE — °C 
Typical Standby Current Typical Refresh Current Typical Page Mode Current 
IDD2 Versus IDD3 Versus IDD4 Versus 
Case Temperature Case Temperature Case Temperature 
< < ; 
E E < 
1 i 
N oO 
a a a 
10 20 50 80 ~=-:110 
Tc, CASE TEMPERATURE — °C : To, CASE TEMPERATURE — °C Tc, CASE TEMPERATURE — °C 


MOS-197 
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TYPICAL CHARACTERISTICS (Cont.) 


Input Voitage Levels Input Voltage Levels Input Voltage Levels 
Versus VDD Versus VDD Versus VBB 


To = 23°C 
VOD = 12V 


VBB = ~5V 


INPUT LEVEL — VOLTS 
INPUT LEVEL — VOLTS 
INPUT LEVEL — VOLTS 





40 -45 -50 -55 -60 


VDD — VOLTS VDD — VOLTS VBB — VOLTS 
Input Voltage Levels Input Voltage Levels 
Input Voltages Levels Versus Versus 
Versus VBB Case Temperature Case Temperature 







To = 23°C 
VDD = 12V 


VIH (MIN) —_}—__] 
He a a 
see 


aoe VIL (MAX) 





INPUT LEVEL — VOLTS 
INPUT LEVEL — VOLTS 
INPUT LEVEL — VOLTS 





-40 -45 -50 -—-55 -6.0 —10 20 50 80 110 
VBB — VOLTS Tc, CASE TEMPERATURE — °C Tc, CASE TEMPERATURE — °C 


TYPICAL CURRENT WAVEFORMS 


RAS/CAS LONG RAS/CAS RAS ONLY 
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Pe 6 6 a lO GB 
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We a a a 
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iIBB — mA 





ni ROCORCL CACC oe 
Maeva GIES CRED ten fGen Vin Gael TAL 
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50ns/DIV 
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Y-Address Lines 


vss PaD[ | | 2592 
0000 


Data Array Left re ee Data Array Right 


Row Decode Transition 
every 64 rows 


Column Decode Transition 
AQ every 64 columns 


every 16 rows 
every 32 rows 
every 8 rows 
every 4 rows 
every 8 rows 
every 8 rows 


every 16 columns 
every 32 columns 
every 8 columns 
every 4 columns 
every 2 columns 
every 4 columns 


~|o ——— (16x) 
(32x) 


+ «—_____ (64x) 
— 1 © 


(64) ee 


Ao| 1 (643) 
A1| 1 (16x) ———+ 1] 0 1 (16x) ———= 1|0 

A2| 1————— (32x) _—__——_—_—> 10 1 (32x) ——_——_——> 1]0 
A3 | 1——(8x)—~1|0 1 — (8x) —= 1]0 

A4| 1111 0000 1111 0000 


0011 1100 0011 








1100 
1001 0110 . 0110 1001 
| | | | | | | 

5 8 3 5 5 2 e 8 3 3 o  @ 

= = = = = = = = = = = = 

oO w N on iN fon) 2 fey ~ ~ co 3 
GJ N“ © oO ~ 

X-Decode Left X-Decode Right 


TOPOLOGICAL BIT MAP 
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Metailization and Pad Layout 


AmS$016 


vss 


16 


15 CAS 


13 A6 


12 A3 


10 AS 


9 vcc 





WE 


3 


RAS 4 


~- © 
<8 
> 


106” X 0.205” 


DIE SIZE 0 
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AmS9044 ¢ Am9244 


4096 x 1 Static R/W Random Access Memory 


DISTINCTIVE CHARACTERISTICS 


LOW OPERATING POWER (MAX) 
Am9044/Am9244 385mW (70mA) 
Am90L44/Am92L44 275mW (50mA) 

LOW STANDBY POWER (MAX) 

Am92L44 110mW (20mA) 

Access times down to 200ns (max) 

Military temperature range available to 250ns (max) 
AmS044 is a direct piug-in replacement for 4044 
Am9244 pin_and function compatible with Am9044 and 
4044 plus cS power down feature 

Fully static — no clocking 

Identical access and cycle time 

High output drive — 

4.0mA sink current @ 0.4V 

TTL identical interface logic levels 

100% MIL-STD-883 reliability assurance testing 


BLOCK DIAGRAM 


nau MEMORY ARRAY 
SELECT 64 ROWS 
64 COLUMNS 


COLUMN SELECT 


COLUMN I/O CIRCUITS : 


MOS-256 


GENERAL DESCRIPTION 


The Am9044 and Am9244 are high performance, static, N- 
Channel, read/write, random access memories organized as 
4096 x 1. Operation is from a single 5V supply, and ail input/ 
output levels are identical to standard TTL specifications. Low 
power versions of both devices are available with power sav- 
ings of about 30%. The Am9044 and Am9244 are the same 
except that the Am9244 offers an automatic CS power down 
feature. 


The Am9244 remains in a low power standby mode as long 
as CS remains high, thus reducing its power requirements. — 
The Am9244 power decreases from 385mW to 165mW in the 

standby mode, and the Am92L44 from 275mW to 110mW. The 
CS input does not affect the power dissipation of the Am9044. 


Data readout is not destructive and the same polarity as data 
input. CS provides for easy selection of an individual package 
when the outputs are OR-tied. The outputs of 4.0mA for 
Am9244 and Am9044 provide increased short circuit current for 
improved compacitive drive. 


CONNECTION DIAGRAM 


appress 0 [}1° 
ADDRESS 1 [~] 2 17 |] ADDRESS 6 
ADDRESS 2 ["] 3 16 |_] ADDRESS 7 


ADDRESS 3 | | 4 15] | ADDRESS 8 


aporess 4 [| 5 14 |_] ADDRESS 9 
ADDRESS 5 [|] 6 13 [_] ADDRESS 10 


DATA ouT [1] 7 12 [7] ADDRESS 11 


WRITE ENABLE | | 8 11] | DATA IN 


GND (VSS) [ }9 10 | | CHIP SELECT 


Top View 


Pin 1 is marked for orientation. MOS-257 


ORDERING INFORMATION 


icc 


Ambient Package Current 


Access Times 
Am9244 


remperture | Type” | tev [aoe [om [ane [tome |e [ome | ate [aoe 


— AMS044BPC 
Plastic 


OC < Tag <= +70°C 


AMS044BDC - 
Hermetic 


AM9044CPC 
AMSOL44BPC | AM90L44CPC | AM90L44DPC 
AM9044CDC 
AMSOL44BDC | AMSOL44CDC | AM90L44DDC 


AM9044EPC AM9244BPC AM9244CPC AM9244DPC 
AM92L44BPC | AM92L44CPC | AM92L44DPC 
AM9244BDC AMS9244CDC | AM9244DDC 


AM92L44BDC | AM92L44CDC | AMS92L44DDC 


AM9244EPC 


AM9044EDC AM9244EDC 


AM9044BDM 9044CDM | AM9044DDM AM9244BDM_ | AM9244CDM | AMS244DDM 
~55° C< <=Ta = +125°C Hermetic 
AMSOL44BDM | AM90L44CDM AM92L44BDM | AM92L44CDM 








Am9044 « Am9244 
MAXIMUM RATINGS beyond which useful life may be impaired 








Storage Temperature : —65°C to +150°C 
Ambient Temperature Under Bias —55°C to + 125°C 
VCC with Respect to VSS | | -0.5V to +7.0V 
All Signal Voltages with Respect to VSS | —0.5V to +7.0V 
Power Dissipation (Package Limitation)  4.0W 
DC Output Current | | 10mA 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations 
of static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to 
avoid exposure to excessive voltages. 


OPERATING RANGE 


Part Number Ambient Temperature VSS vcc Part Number Ambient Temperature VSS vcc 


Am9044DC/PC_ Am9044DM 
Am90L44DC/PC Am90L44DM 


: : -§5°C <Ta =< OV +107 


Am92L44DC/PC Am92L44DM 





ELECTRICAL CHARACTERISTICS over operating range Am9244XX Am9044XX 
ioe _Am92L44XX Am90L44XX 
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


VOH=2.4V. | VCC=4.5V 
re) 


-Ta=+70°C 4.0 
Susitmwedvenl Voreoay Ltamtvorc. | 40 | 
Ta = +125°C 


Input High Voltage 


VOH = 2.4V VCC =4.5V | 70°C . 71.0 
lIOH Output High Current 70 | -1.0 | 


IX Input Load Current VSS s Vis VCC 
lO 
Cl 


L 
1 0.4V<VO<VCC | Ta=+125°C 
Z Output Leakage Current Output Disabled T,=+70°C 
Input Capacitance (Note 1) Test Frequency = 1.0MHz 
Cv/O I/O Capacitance (Note 1) Ta = 25°C, All pins at OV 





ELECTRICAL CHARACTERISTICS over operating range 
Am92L44 Am9244 Am90L44 Am9044 


Parameter Description Test Conditions Typ. Max. Typ. Max. Typ. Max. Typ. Max. Units 


icc VCC Operating Max. VCC CS < VIL 
Supply Current for Am9244/92L44 Ta = —55°C 


Automatic CS Power | Max. Vcc 
Down Current (CS = Vin) Ta = —55°C 





Notes: | 4. The internal write time of the memory is defined by the 
| overlap of CS low and WE low. Both signals must be low 
1. Typical values are for T, = 25°C, nominal supply voltage to initiate a write and either signal can terminate a write by 
and nominal processing parameters. going high. The data input setup and hold timing should be 
2. For test purposes, not more than one output at a time referenced to the rising edge of the signal that terminates 
should be shorted. Short circuit test duration should not the write. . 
exceed 30 seconds. 5. Chip Select access time (tco) is longer for the Am9244 
3. Test conditions assume signal transition times of 10ns or than for the Am9044. The specified address access time 
less, timing reference levels of 1.5V and output loading of will be valid only when Chip Select is low soon enough for 
one standard TTL gate plus 100pF. tego to elapse. | 
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AmS9044 « Am9244 


SWITCHING CHARACTERISTICS over operating range (Note 3) 


Am9044B  Am9044C Am9044D Amg9044E 
Am9244B  Am9244C Am9244D Am9244E 


Parameter Description _ Min. Max. Min. Max. Min. Max. Min. Max. Units 


Read Cycle 
Address Valid to Address Do Not Care Time . 
(Read Cycle Time) i - ag Lal = 
tA Address Valid to Data Out Valid Delay 
(Address Access Time) 
Am9044 
Chip Select Low to Data Out Valid (Note 5) 


C2 
20 
aaa 













Chip Select Low to Data Out On 





Address Valid to Address Do Not Care Time 
(Write Cycle Time) 


i! 
60 
Write Enable Low to ae 
fd 
ia 
| 60 | 


Write Enable High Time (Note 4) 





SWITCHING WAVEFORMS 
| basi hans | | Sasi | | Baht a | 


RK RX 
RK YY 


CHIP OX XK KKK} 
SELECT MRK 





XX 





WRITE \ / 
ENABLE tco | tco 
tOTD tOTW 
| | tCX et two 
X/ XXX/ ourpur WAX 


y 7X) 
ee OY RK _vaio AY 


iaponese = | | | (ADOAESS , | if J a hl 
ACCESS) -tOHA ACCESS) tOHA > tow 

VV /V/ 
van ORK DR 





POWER DOWN WAVEFORM (Am9244 ONLY) 
CHIP X £ 
SELECT 


an ‘Pe 7 | 
-~ ee a ae 
MOS-258 


6-19 





Am9044 - Am9244 


TYPICAL CHARACTERISTICS 


Typical ICC Typical tacc Typical C Load Versus 
Versus VCC Characteristics Versus VCC Characteristics Normalized tacc Characteristics 


: 1.15 
“Ti=2e] | | | Taare. TTT] 


a Ge Pe ie a i a 
INES a cL a za 
RIRR RE 


pr a se a a a 
ue all elo 
AC amaodd AND Amaaea 


Am39044 AND Am9244 


NORMALIZED icc 
NORMALIZED tacc 
NORMALIZED tacc 


ALE TT 
anc-en 
A ia 





4.5 5.0 5.5 : 200 300 
CAPACITANCE LOAD — pF 


Normalized tacc Normalized ICC 
Versus Ambient Temperature Versus Ambient Temperature 


vee +80 pep cr a 


Am9044 AND Am9244 Am9044 AND Am9244 


NORMALIZED ICC 


rm) 
a) 
£ 
a 
Lu 
N 
a 
<x 
= 
oc 
Oo 
= 


0.7 
25 50 8670 100 125 100 =125 


Ta — AMBIENT TEMPERATURE - °C Ta — AMBIENT TEMPERATURE — °C | 
MOS-259 


BIT MAP 


Address Designators 


External - Internal 
AO A2 
Al Al 
A2 AO 
A3 A8& 
A4 AQ 
A5 
A6 A3 
A7 A4 
A8 A5 
AQ A7 

A6 


Vss 


Figure 1. Bit Mapping Information. 
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Am9114 ¢ Am9124 


1024 x 4 Static R/W Random Access Memory 


DISTINCTIVE CHARACTERISTICS 


@ LOW OPERATING POWER (MAX) 
Am9124/Am9114 368mW (70mA) 
Am91L24/Am91L14 262mW (50mA) 
LOW STANDBY POWER (MAX) 
Am9124 158mW (30mA) 
Am91L24 105mW (20mA) 
Access times down to 200ns (max) 
Military temnerature range available to 200ns (max) 
Am9114 is a direct plug-in replacement for 2114 
Am9124 pin and function compatible with Am9114 and 2114, 
plus CS power down feature 
Fully static — no clocking 
Identical access and cycle time 
High output drive — 
4.0mA sink current @ 0.4V — 9124 
3.2mA sink current @ 0.4V — 9114 
TTL identical input/output levels 
100% MIL-STD-883 reliability assurance testing 


BLOCK DIAGRAM 


ADDRESS 
SUFFERS STORAGE MATRIX 


GENERAL DESCRIPTION 


The Am9114 and Am9124 are high performance, static, N- 
Channel, read/write, random access memories organized as 
1024 x 4. Operation is from a single 5V supply, and all input/ 
output levels are identical to standard TTL specifications. Low 
power versions of both devices are available with power 
savings of over 30%. The Am9114 and Am9124 are the same 
except that the Am9124 offers an automatic CS power down 


fant ira 


The Am9124 remains in a low power standby mode as long as 
CS remains high, thus reducing its power requirements. The 
Am9124 power decreases from 368mW to 158mW in the 
standby mode, and the Am91L24 from 262mW to 105mW. The 
CS input does not affect the power dissipation of the Am9114. 
(See Figure 1, page 4). 


Data readout is not destructive and the same polarity as data 
input. CS provides for easy selection of an individual package 
when the outputs are OR-tied. The outputs of 4.0mA for 
Am9124 and 3.2mA for Am9114 provides increased short cir- 
cuit current for improved capacitive drive. 


CONNECTION DIAGRAM 


aporess 6 [11° 


ROW 
DECODERS 


ADDRESS 
SUFFERS 


COLUMN 


appress 5 { | 2 
ADDRESS 4{ | 3 


aopress 3 [| 4 


17] | ADDRESS 7 
16] | ADDRESS 8 


15 [| ADORESS 9 


Amo9114 


AODRESS 0 | | 5 
ADDRESS 1| | 6 


ADDRESS 2 [_] 7 


Am9124 


14 — | INPUT/OUTPUT 1 
13 [| | INPUT/OUTPUT 2 


12 | | INPUT/OUTPUT 3 





CHIP SELECT [| | 8 417 | INPUT/OUTPUT 4 


GND (VSS) |_| 8 


Top View 
Pin 1 is marked for orientation. 


ORDERING INFORMATION 


Access Times 
Am9124 


Temperature | Type 300ne 2008 
[soma [Amoitiaar | amoitcrc |__| Am1L248PC | AmoiL240PC | 
[soma [am@iLaaom| amoitwcom |__| Amott24bm [ amoiL24cM. 


oc < Ta <= 70°C 
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Am9114 « Am9124 
~ MAXIMUM RATINGS beyond which useful life may be impaired 


Storage Temperature | | —65°C to +150°C 
Ambient Temperature Under Bias | —55°C to +125°C 
Voc with Respect to Vss —0.5V to +7.0V 
All Signal Voltages with Respect to Vss | —0.5V to +7.0V 
Power Dissipation (Package Limitation) | . 1.0W 
DC Output Current 10mA | 


The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to 
avoid exposure to excessive voltages. 


OPERATING RANGE 


Part Number Ambient Temperature Vss Voc PartNumber Ambient Temperature Vcc Voc 


Am9114DC/PC Am9114DM 
Am91L14DC/PC m Am91L14DM 
Am9124DC/PC 0°C < Ta <= +70°C OV +5.0V + 5% Am9124DM 
Am91L24DC/PC Am91L24DM 


—58°C <= Ta < +125°C OV +5.0V + 10% 





ELECTRICAL CHARACTERISTICS over operating range Am9124XX Am9114XX 
Am91L24XX Am91L14XX 
Parameter Description Test Conditions | Min. Typ. Max. Min. Typ. Max. Units 




















Von = 2.4V Vec = 4.75V 
Output High Current OH cc 
Vou = 2.2V Vec = 4.5V 
Ta = +70°C 
Output Low Current Vo. = 0.4V 
Ta = +125°C 


lot 

input High Voltage 
Vit 
Ci 


an 
9) 
[?) 
< 
~y 


Fix | Input Load Current Vss = Vi = Vec ; 
0.4V <Vo< Voc | Ta = +125°C 
or Output Leakage Current Output Disabled T, = 470°C 


0°C to +70°C 
Output Short Circuit Current | (Note 2) 
—55°C to + 125°C 


Input Capacitance (Note 1) | Test Frequency = 1.0MHz 


/O Capacitance (Note 1) Ta = 25°C, All pins at OV 


ELECTRICAL CHARACTERISTICS over operating range 
Am91L24 Am9124 Am91L14 Am9114 


Parameter Description Test Conditions Typ. Max. Typ. Max. Typ. Max. Typ. Max. Units 


Voc Operating Max. Voc, CS <Vi, 
Supply Current for Am9124/91L24 


Automatic CS Power 
Down Current 





Notes: | 4. The internal write time_of the memory is defined by the 
overlap of CS low and WE low. Both signals must be low to 
initiate a write and either signal can terminate a write by 
going high. The data input setup and hold timing should be 


1. Typical values are for T, = 25°C, nominal supply voltage 
and nominal processing parameters. 


2. For test purposes, .not more than one output at a time referenced to the rising edge of the signal that terminates 
should be shorted. Short circuit test duration should not ex- the write. 
ceed 30 seconds. 5. Chip Select access time (tg) is longer for the Am9124 than 
3. Test conditions assume signal transition times of 10ns or for the Am9114. The specified address access time will be 
less, timing reference levels of 1.5V and output loading of valid only when Chip Select is low soon enough for tea to 
one standard TTL gate plus 100pF. | elapse. 


6-22 


Am9114 « Am9124 


SWITCHING CHARACTERISTICS over operating range (Note 3) Am9114B Am9114C = Am9114E 
Am9124B Am9124C Am9124E 


Parameter Description Min. Max. Min. Max. Min. Max. Unit 


2 a ae 


Read Cycle 

| tRC | Address Valid to Address Do Not Care Time (Read Cycle Time) 

rit an iy 

f= | comernoworwmimen [it Pa 
famosas [| 420 

[icx | Chip Sowa town daaouonSS—C~C~—~—‘“CST 

8 nee 

Write ar 

Aides Valid to Address Do Not Care Time (Write Cycle aa 


PAmo114 14 
Write Enable Low to Write Enable High Time (Note 4) Famoiza me 


bar Write Enable High to Address Do Not Care Time 
Write Enable Low to Data Out Off Delay 










a 
Paw —| Aas Vd Weal Law Tin 
[0 | Chin Seer High to Power Low Daa Ania¥ oni) +d 
ra 


— 14 
Chip Select Low to Write Enable High Time (Note 4) 
— 


SWITCHING WAVEFORMS 


Ss 
= 
ae 
— 
foe 
| 100 _| 
| Data n Valid to Write Enable High Time | 200 | 
— 
oe 
| 200 
a 
ai 
oes 





READ CYCLE READ CYCLE WRITE CYCLE 


—7————vjp gp 37 199 


tcw 
ir (NOTE 4) 

















Sap. a Oy A 
SELECT ree — 


WRITE 
ENABLE tco 
(NOTE 5) 
tOTO | tOoTW tDH 
ae tOTD 1DW 


ey OuTPUT WX AMX INPUT WX \ 
xX VALID Oy uy KYA staBLE AY ee 




















DATA 
VO 





MOS-068 


POWER DOWN WAVEFORM (Am9124 ONLY) 


CHIP 
SELECT 


aoe " | | 
Icc es a ae 
MOS-069 
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Am9114 « Am9124 


TYPICAL CHARACTERISTICS 


Typical ICC Typical tacc Typical C Load Versus 
Versus VCC Characteristics Versus VCC Characteristics Normalized tacc Characteristics 


= : Lae Teel TT 
bees! 


NORMALIZED ICC 
NORMALIZED tacc 
NORMALIZED tacc 


ALT 
annem 
AM asi 

: o 1 2 3 4 5 6 7 5.0 5.5 


vcc CAPACITANCE LOAD — pF 


Normalized tacc Normalized ICC 
Versus Ambient Temperature Versus Ambient Temperature 


3) 
4 
fa 
uj 
N 
= 
< 
= 
o 
Oo 
z 


NORMALIZED tace 


0.7 
50 70 100 3=125 —25 50 70 100 86125 
T, — AMBIENT TEMPERATURE — °C Ta. — AMBIENT TEMPERATURE ~— °C 


BIT MAP 


Worst Case Current ies vo1 
(mA at 0°C) vo4 COLO...COLIS yor COLO...COL15 
atc, i, 


Part 100% 50% INTERNAL COL 0... COL 15 COL 0... COL 15 
Configuration | Number | Duty Cycle | Duty Cycle ; 


9114 280 280 


aie an a 
9124 200 External Internal 
91L24 140 AO AQ 
Al A8 
9114 840 840 A2 AT 
91L14 600 600 A 
9124 480 420 - yes 
91L24 330 285 A7 AA 
A8 AS 
9114 2240 2240 AQ AG 
91L14 1600 1600 
9124 1120 1040 
91L24 760 700 


Figure 1. Supply Current Advantages of Am9124. Figure 2. Bit Mapping Information. 
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DISTINCTIVE CHARACTERISTICS 
Direct replacement for Intel 2716 


Am2716 


2048 x 8-Bit UV Erasable PROM 


GENERAL DESCRIPTION 
The Am2716 is a 16384-bit ultraviolet erasable and program- 


Interchangeable with Am9218 — 16K ROM mable read-only memory. It is organized as 2048 words by 8 bits 


Single +5V power supply 
Fast access time — 450ns 
Low power dissipation 
—525mW active 
—132mW standby 
Fully static operation — no clocks 
Three-state outputs 
TTL compatible inputs/outputs 


100% MIL-STD-883 reliability assurance testing 


BLOCK DIAGRAM 


OUTPUT ENABLE 
’ CHIP ENABLE AND fei 
PROG LOGIC 


A0-A10 
ADDRESS 
INPUTS 


0 ca 
DECODER 


eo 
xX 
DECODER 


MODE SELECTION 


Sea 


Read 
Standby 


Bogan Ver a 
Praraminhit | vi | vi 


per word, operates from a single +5V supply, has a static 
standby mode, and features fast single address location 
programming. 


Because the Am2716 operates from a single +5V supply, it is 
ideal for use in microprocessor systems. All programming sig- 
nals are TTL levels, requiring a single pulse. For programming 
outside of the system, existing EPROM programmers may be 
used. Locations may be programmed singly, in blocks, or at 
random. Total programming time for all bits is 100 seconds. 


PIN CONFIGURATION 


DATA OUTPUTS 
00-07 


OUTPUT BUFFERS 


Y-GATING 


16384 BIT 
CELL MATRIX 


MOS- 199 


_AQ-A9: Addresses 
00-07: Outputs 
CE/PGM: Chip Enable/Program 
OE: Output Enable 


ORDERING INFORMATION 


Package Ambient Temperature Order 
Type Specification Number 


Hermetic DIP 


Transparent Window 


0°C < Ty < +70°C AM2716DC 
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Am2716 
MAXIMUM RATINGS above which the useful life may be impaired 














Storage Temperature -65°C to + 125°C 
Ambient Temperature Under Bias —10°C to +80°C 
Voltage on all inputs/outputs (except VPP) with respect to GND +6V to —0.3V 
Voltage on VPP During Program with Respect to GND +26.5V to —0.3V 





READ OPERATION 


DC CHARACTERISTICS 
O°C < Tag = +70°C, VCC (Notes 1, 2) = +5V +5%, VPP (Note 2) = VCC 


Parameters Description Test Conditions Min Max Units 


Tu Lona Curent YIN= Sav 
[uo | Output teshage Guvent_| _vouT= sav 
rice woe 2) ce 


ILI 
ILO 
ICC2 (Note 2) E=CE= 





AC CHARACTERISTICS 
0°C < Ty < +70°C, VCC (Notes 1, 2) = +5V +5%, VPP (Note 2) = VCC 


Parameters Description Test Conditions Min Max Units 


tACC | Address to Output Delay 
CE to Output Delay Output Load: 1 TTL gate and CL = 100pF 
Input Rise and Fall Times: <20ns 
Output Enable t tput Del 
Gee eee Cie ee peay Input Pulse Levels: 0.8V to 2.2V 
Inputs: 1V and 2V 
Output Hold from Addresses, ; 
CE or OE Whichever Outputs: 0.8V and 2V 


Occurred First 


Output Enable High to Output Float | Timing Measurement Reference Level: 





CAPACITANCE (Note 3) 
Ta = +25°C, f = 1MHz 


Parameters Description Test Conditions Units 


Typ Max 





Notes: 1. VCC must be applied simultaneously or before VPP and removed simultaneously or after VPP. 
2. VPP may be connected directly to VCC except during programming. The supply current would then be the sum of ICC and IPP. 
3. This parameter is only sampled and is not 100% tested. 
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Am2716 


AC WAVEFORMS (Note 1) 











ADDRESSES 
ADDRESSES 4 Satie 
CE 
tCE 
OE 
tOE {DF 
(NOTE 2) (NOTE 3) 
tACC 
(NOTE 2) tOH 


a MG LN Te 
AAA cs 


MOS-201 


Notes: 1. VCC must be applied simultaneously or before VPP and removed simultaneously or after VPP. 
2. OE may be delayed up to taCC — tOE after the falling edge of CE without impact on tACC. 
3. tDF is specified from OE or CE, whichever occurs first. 
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Am2716 
PROGRAM OPERATION 


DC PROGRAMMING CHARACTERISTICS 
Ta = +25°C +5°C, VCC (Note 1) = 5V +5%, VPP (Notes 1, 2) = 25V +1V 


Parameters Description ' Test Conditions Min Max Units 


piper [ ver suppy Curent ——SSSSCS~*~*~rSC< | 
[ire2 | VBP Suppl Curent During Pesramning Puse | CEIPGM = vid 
[nl a a SS CTD 

SS 

[vit rout ones SSC*dSCO 


Notes: 1. VCC must be applied simultaneously or before VPP and removed simultaneously or after VPP. 
2. VPP must not be greater than 26 volts including overshoot. Permanent device damage may occur if the device is taken out of or put into the socket 
when VPP = 25 volts is applied. Also, during OE = CE/PGM = VIH, VPP must not be switched from 5 volts to 25 volts or vice versa. 










AC PROGRAMMING CHARACTERISTICS 
Ta = +25°C +5°C, VCC (Note 1) = 5V +5%, VPP (Notes 1, 2) = 25V +1V 


Parameters Description Test Conditions Min Max Units 


Input tR and tF (10% to 90%) = 20ns 


ion | BaaHowTine Sd «mt Stal Leveis = OV wav 
Output Timing Reference Level = 0.8V and 2V 
HOE | Ouput Enable to Output Delay CEIPGM = VI) 


PROGRAMMING WAVEFORMS 





PROGRAM 
PROGRAM VERIEY 
VIH 
vit 
tA 
VIH 
DATA IN DATA OUT DATA IN 
DATA mii } d STABLE b d VALID > STABLE 
: ADD N ADDN ADDN+M 
VIL 
VIH 
OE 
VIL ‘oa 
tDS 1PW 
vn tOES tOEH 
CE/PGM 
VIL 
tPRT tPFT 


MOS-202 
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ERASING THE Am2716 


In order to clear all locations of their programmed contents, it is 
necessary to expose the Am2716 to an ultraviolet light source. A 
dosage of 15 Wseconds/cm* is required to completely erase an 
Am2716. This dosage can be obtained by exposure to an ul- 
traviolet lamp [ (wavelength of 2537 Angstroms (A)] with inten- 
sity of 12000,W/cm? for 15 to 20 minutes. The Am2716 should 
be about one inch from the source and all filters should be 
removed from the UV light source prior to erasure. 


It is important to note that the Am2716, and similar devices, will 
erase with light sources having wavelengths shorter than 4000 
Angstroms. Although erasure times will be much longer than 
with UV sources at 2537A, nevertheless the exposure to flores- 
cent light and sunlight will eventually erase the Am2716, and 
exposure to them should be prevented to realize maximum 
system reliability. If used in such an environment, the package 
windows should be covered by an opaque label or substance. 


PROGRAMMING THE Am2716 


Upon delivery, or after each erasure the Am2716 has all 16384 
bits in the “1”, or high state. “Os” are loaded into the Am2716 
through the procedure of programming. 


The programming mode is entered when +25V is applied to the 
VPP pin and when OE is at VIH. The address to be programmed 
is applied to the proper address pins. 8-bit patterns are placed 
on the respective data output pins. The voltage levels should be 
standard TTL levels. When both the address and data are 
stable, a 50msec, TTL high level pulse is applied to the CE/PGM 
input to accomplish the programming. 


The procedure can be done manually, address by address, ran- 
domly, or automatically via the proper circuitry. All that is re- 
quired is that one 50msec program pulse be applied at each 
address to be programmed. It is necessary that this program 
pulse width not exceed 55msec. Therefore, applying a DC level 
to the CE/PGM input is prohibited when programming. 


READ MODE 


The Am2716 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. Chip 
Enable (CE) is the power control and should be used for device 


Am2716 


selection. Output Enable (OE) is the output control and should 
be used to gate data to the output pins, independent of device 
selection. Assuming that addresses are stable, address access 
time (tACC) is equal to the delay from CE to output (tCE). Datais 
available at the outputs 120ns (tOE) after the falling edge of OE, 
assuming that CE has been low and addresses have been sta- 
ble for at least tACC — tOE. 


STANDBY MODE 


The Am2716 has a standby mode which reduces the active 
power dissipation by 75%, from 525mW to 132mW. The Am2716 
is placed in the standby mode by applying a TTL high signal to 
the CE input. When in standby mode, the outputs are in a high 
impedance state, independent of the OE input. 


OUTPUT OR-TIEING 


To accommodate multiple memory connections, a 2-line control 
function is provided to allow for: 

1. Low memory power dissipation 

2. Assurance that output bus contention will not occur. 


It is recommended that CE be decoded and used as the primary 
device selecting function, while OE be made a common connec- 
tion to all devices in the array and connected to the READ line 
from the system control bus. This assures that all deselected 
memory devices are in their low-power standby mode and that 
the output pins are only active when data is desired from a 
particular memory device. 


PROGRAM INHIBIT 


Programming of multiple Am2716s in parallel with different data 
is also easily accomplished. Except for CE/PGM, all like inputs 
(including OE) of the parallel Am2716s may be common. A TTL 
level program pulse applied to an Am2716’s CE/PGM input with 
VPP at 25V will program that Am2716. A low level CE/PGM input 
inhibits the other Am2716 from being programmed. — 


PROGRAM VERIFY 


A verify should be performed on the programmed bits to deter- 
mine that they were correctly programmed. The verify may be 
performed with VPP at 25V. Except during programming and 
program verify, VPP must be at 5V. 
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Am9218/8316E 


2048 x 8 Read Only Memory 








DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 












The Am9218 devices are high performance, 16384-bit, static, 
mask programmed, read only memories. Each memory is 
implemented as 2048 words by 8 bits per word. This organi- 
zation simplifies the design of small memory systems and 
permits incremental memory sizes as small as 2048 words. 
The fast access times provided allow the ROM to service high _ 
performance microcomputer applications without stalling the 
processor. 


2048 x 8 organization 
Plug-in replacement for 8316E 

Access times as fast as 350 ns 

Fully capacitive inputs — simplified driving 

3 fully programmable Chip Selects — increased flexibility 
Logic voltage levels compatible with TTL 

Three-state output buffers — simplified expansion 

Drives two full TTL loads 

Single supply voltage — +5.0V 

Low power dissipation 

N-channel silicon gate MOS technology 

100% MIL-STD-883 reliability assurance testing 








Three programmable Chip Select input signals are provided to 
control the output buffers. Each Chip Select polarity may be 
specified by the customer thus allowing the addressing of 8 
memory chips without external gating. The outputs of un- 
selected chips are turned off and assume a high impedance 
state. This permits wire-ORing with additional Am9218 
devices and other three-state components. 


@®eeeoeeeaoees15eoe#ece?®@ 













These memories are fully static and require no clock signals of 
- any kind. A selected chip will output data from a location 
specified by whatever address is present on the address input 
lines. Input and output voltage levels are compatible with 
TTL specifications. 









BLOCK DIAGRAM CONNECTION DIAGRAM 

























ADDRESS7[~ ] 1 24 [__ J] vcci+s.0v) 


ADDRESS6f | 2 | | ADDRESS 8B 













STORAGE 
ARRAY 
128 X 128 


w. 


A3 
a COLUMN DECODER 
AO 


$1 
: CHIP 
cS2 SELECT OUTPUT BUFFERS 


O1 02 03 O04 OS O6 O7 O08 


ADDRESS5{ | |__| ADDRESS 9 





ROW 
Al DECODER > 


ADDRESS 4[{ | | | cs3/Cs3 


ADDRESS 3[ | |} csi/Cst 






appRess2[_| [—] ADORESS 10 


ADDRESS 1[ ] 7 Y | cs2/Cs2 
ADDRESSO|[ | | | OUPTUTB 


ouTpuT1{| | |] OUTPUT 7 





OUTPUT2{ | | J OUTPUT E 


OUTPUT 3] | | | OUTPUT 5 











(GND) vss [| | | OUTPUT 4 


Top View 







Pin 1 is marked for orientation. 





ORDERING INFORMATION 


Ambient Temperature Access Time 
Package Type Specifications 
Molded °C < T, < 70°C ee AM9218CPC 





0°C < Ta < 70°C AM9218BCC 


; : AM9218BDC 
Side-Brazed O°C = Ta = 70°C C8316E 


Ceramic 
—55°C = Ta = +125°C AM9218BDM 
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Am9218/8316E 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Ambient Temperature Under Bias —55°C to +125°C 
VCC with Respect to VSS | +7.0V 
DC Voltage Applied to Outputs —0.5V to +7.0V 
DC Input Voltage —0.5V to +7.0V 
Power Dissipation 1.0W 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 


ELECTRICAL CHARACTERISTICS 


Am9218BDC Ta =0°C to +70°C 

Am9218CDC 

C8316A VCC = 5.0V £5% Am9218XDC C8316E 

Parameters Description Test Conditions Helis ici. Min. Max. Units 








ee es jvm 
ae ea AED 

[30 | veesao | 20 | vec+to [vans 
p05 fos if 0s | 

easiest canted 
ia a 
besa oo 









Eo 

oo 

| a 

Wie | pat HIGH ortage 
Tie [inoue tow Velte 
P| Trput Leakage Current 
ice [vec svpptv curene | —SSSCS~S~S 


ELECTRICAL CHARACTERISTICS 


08 vos 
i 
ee 


70 





Am9218BDM Ta =—55°Cto +125°C 
VCC = 5.0V +10% Am9218B 
Parameters Description Test Conditions Min. Max Units 
















a 
a5 [vor 
oe [vores 
[0a 
0 
po 


cena 
05 
Se) Seen a 
ae 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 









Output HIGH Voltage 10H = —200uUA 
Output LOW Voltage IOL=3.2mA 
cc 





BA 


Am9218XDC/C8316E Ta =0°C to +70°C VCC = 5.0V + 5% 
Am9218BDM Ta = —55°C to +125°C VCC = 5.0V + 10% Am9218B Am9218C 8316E 
Parameters Description Test Conditions Min. Max. Min. Max. Min. Max. Units 


Address to Output Access Time 
- tr=tf = 20ns 

Chip Select to Output ON Delay 
Output Load: 


tOH Previous Read Data Valid with snestindsed TTL ante 
Respect to Address Change 
plus 100pF (Note 1) 





Chip Select to Output OFF Delay 
Input Capacitance Ta = 25°C, f = 1,.0MHz 
Output Capacitance All pins at OV 


Notes: 1. Timing reference levels: High = 2.0V, Low = O0.8V. 


SWITCHING WAVEFORMS 


RY OXY 


CHIP 
SELECTS DISABLED | ENABLED | DISABLED 


| 
«4 a ee 


i i ARNON’ 
7 OO ARK 
reece: 


ta 





6-31 


Am9218/8316E 


PROGRAMMING INSTRUCTIONS 
CUSTOM PATTERN ORDERING INFORMATION 


The Am9218 is programmed from punched cards, card coding forms or paper tape in card image format as shown below. 


Logic ‘1’ = a more positive voltage (normally +5.0 V) 
Logic ‘0’ = a more negative voltage (normally 0V) 
FIRST CARD 
Column Number Description 
10 thru 29 Customer Name 
32 thru 37 Total number of ‘’1’s’’ contained in the data. 
This is optional and should be left blank if not used. 
50 thru 62 @316E er 9218 
65 thru 72 Optional information 
SECOND CARD 
Column Number Description 
29 CS3 input required to select chip (0 or 1) 
31 CS2 input required to select chip (0 or 1) 
33 CS1 input required to select chip (0 or 1) 


Two options are provided for entering the data pattern with the remaining cards. 


OPTION 1 is the Binary Option where the address and data are presented in binary form on the basis of one word per card. With 
this option 2048 data cards are required. 


Column Number 
10, 12, 14, 16, 18 Address input pattern with the most significant bit (A10) in column 10 and the least significant bit 
20, 22, 24, 26, 28, 30 (AO) in column 30. 
40, 42, 44, 46, 48, Output pattern with the most significant bit (08) in column 40 and the least significant bit (O1) in 
50, 52, 54 column 54. 


73 thru 80 Coding these columns is not essential and may be used for card identification purposes. 


OPTION 2 is the Hexadecimal Option and is a much more compact way of presenting the data. This format requires only 128 data 
cards. Each data card contains the 8-bit output information for 16 storage locations in the memory. The address indicated 
in columns 21, 22 and 23 is the address of the data presented in columns 30 and 31. Addresses for successive data are assumed to 
be in incremental ascending order from the initial address. Since the address in columns 21, 22 and 23 always points only to the 
first data on the card, column 23 is always zero. Columns 21 and 22 take dll hex values from 00 through 7F: 128 cards in all. Data 
in entered in hex values and may be any combination of 8 bits, that is, hex values from 00 through FF. 


OUTPUT VALUES FOR ADDR 4 + 


'31]32]33}34]35]36) 37/38] 39]/40]41]42]43]44| 45/46] 47/48) aa sea ea 


oe 
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Am9232« Am9233 


4096 X 8 Read Only Memory 


PRELIMINARY DATA 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 7 


@ 4096 X 8 organization The Am9232/33 devices are high performance, 32,768-bit, 
@ No clocks or refresh required static, mask programmed, read only memories. Each memory 
e Access time selected to 300ns is implemented as 4096 words by 8 bits per word. This or- 
Fully capacitive inputs — simplified driving ganization simplifies the design of small memory systems and 
2 mask programmable chip selects — increased flexibility permits incremental memory sizes of 4096 words. The fast ac- 
Logic voltage levels compatible with TTL cess times provided allow the ROM to service high perfor- 
Three state output buffers — simplified expansion mance microcomputer applications without stalling the oroces- 
e@ Drives two TTL loads Sor. 


@ Single +5 volt power supply Two programmable Chip Select input signals are provided to 

e Two different pinouts for universal application control the output buffers. Each Chip Select polarity may be 

@ Low power dissipation specified by the customer thus allowing the addressing of 4 

@ 100% MIL-STD-883 reliability assurance testing memory chips without external gating. The outputs of un- 

@ Non-connect option on chip selects. selected chips are turned off and assume a high impedance 
state. This permits wire-ORing with additional Am9232/33 de- 
vices and other three-state components. 


These memories are fully static and require no clock signals 
of any kind. A selected chip will output data from a location 
specified by the address present on the address input lines. Input 
and output voltage levels are compatible with TTL specifications. 


CONNECTION DIAGRAMS 
Top Views 


ADDRESS 7} | 24, | vec (+5.0Vv) ADDRESS 7[~ ] 1 24} | vec (+5.0Vv) 
ADDRESS 6 [—_| ADDRESS 8 ADDRESS 6 [| 2 |__| ADDRESS 8 © 
ADDRESS 5[__] | __} ADDRESS 9 AOORESS 5 [| |__| AODRESS 9 
ADDRESS 4[7 | CS2/CS2/NC ADDRESS 4[ | |} ADDRESS 11 
ADDRESS 3[ | |} CS1/CST/NC ADDRESS 3[ | |] CS1/CS1/NC 
ADDRESS 2[__| Am9232 [] ADDRESS 10 ADDRESS 2 [| Am9233 |] ADDRESS 10 
ADDRESS 1[ | |__| ADDRESS 11 ADDRESS 1{ | | CS2/CS2/NC 
- ADDRESS O| | | | OUTPUT 8 ADDRESS 0] | | | OUTPUT 8B 
OuTPUT1[ | | | OUTPUT 7 OUTPUT 1/ | | | OUTPUT 7 
ouTPuT 2[__| .__] OuTPUT 6 OutPuT 2[_| 11 [~~] OUTPUT 6 
OUTPUT 3] | | | OUTPUT 5 OUTPUT 3] | } | OUTPUT 5 


(GND) vss[ | |_| OUTPUT 4 (GND) vss [| 12 | | OUTPUT 4 


MOS-103 | Note: Pin 1 is marked for orientation. MOS-104 


ORDERING INFORMATION 


Ambient Temperature Access Time 
Package Type Specifications T300ns | 


Molded 0°C <= Ta = +70°C AM9232/33BPC AM9232/33CPC 


O°C < Ts, < +70°C AM9232/33BCC | AM9232/33CCC 
Side-Brazed -55°C <T, < +125°C_| AM9232/33BDM | sd 


Ceramic 0°;C < T, = +70°C AM9232/33BDC AM9232/33CDC 
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Am9232 « Am9233 
MAXIMUM RATINGS beyond which the useful life may be impaired 


Storage Temperature —65°C to +150°C 
Ambient Temperature Under Bias ~55°C to +125°C 
VCC with Respect to VSS +7.0V 
DC Voltage Applied to Outputs | —0.5V to +7.0V 
DC Input Voltage —0.5V to +7.0V 
Power Dissipation. (Package Limitation) 1.0W 


The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations 
of static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling and use in order to 
avoid exposure to excessive voltages. 


OPERATING RANGE 
Part Number Ambient Temperature vcc 


vss 
Amg232Dc/PC/cc | 0°C < Ta < +70°C +5.0V +5% 





Am9232/33DM —-§5°C = Ta = +125°C | +5.0V +10% 


ELECTRICAL CHARACTERISTICS over operating range Am9232/Am9233 
‘Parameter Description Test Conditions Min. Max. Unit 


VCC = 4 4 50 


Output LOW Voltage lIOL = 3.2mA 
Input HIGH Voltage 


pA 


Input Load Current VSS < VI < VCC | WA | 
VSS < VO < VCC 
Output Leakage Current Chip Disabled + 125°C (DM) 


VCC Supply Current 
| woosupay cunt f ~55°C (DM) 


Input Capacitance Ta = 25°C, f = 1.0MHz 
Output Capacitance All pins at OV 





SWITCHING CHARACTERISTICS over operating range Am9232/33B § Am9232/33C 
Parameter Description Test Conditions Min. Max. Min. Max. Unit 


Respect to Address Change 


Chip Select to Output OFF Delay 


plus 100pF (Note 1) . 


Output Load: 
ion | Previous Read Data Valid with one standard TTL gate 





SWITCHING WAVEFORMS 


—~ER = RERE 
| | 
| a 
2 — RR = SEB 
» —_____] MOS-105 


6-34 


Am9232 « Am9233 


PROGRAMMING INTRUCTIONS 
CUSTOM PATTERN ORDERING INFORMATION 
The Am9232 is programmed from punched cards, card coding forms or paper tape in card image format as shown below. 


Logic “1” = a more positive voltage (normally +5.0V) 
Logic “0” = a more negative voltage (normally OV) 


FIRST CARD 
Column Number Description 
10 thru 29 Customer Name 
32 thru 37 Total number of “1's” contained in the data. 
This is optional and should be left blank if not used. 

50 thru 62 9232 or 9233 
65 thru 72 Optional information 

SECOND CARD 
Csiumn NUMbEr osscripticn 
31 CS2 input required to select chip (0 or 1); If CS2 = NC, column 31 = 2. 
33 CS1 input required to select chip (0 or 1); lf CS1 = NC, column 33 = 2. 


Two options are provided for entering the data pattern with the remaining cards. 


OPTION 1 is the Binary Option where the address and data are presented in binary form on the basis of one word per card. With 
this option 4096 data cards are required. 


Column Number 


8, 10, 12, 14, 16, 18 Address input pattern with the most significant bit (A11) in column 8 and the least significant 
20, 22, 24, 26, 28, 30 bit (AO) in column 30. 

AO, 42, 44, 46, 48 Output pattern with the most significant bit (08) in column 40 and the least significant bit (O1) 
50, 52, 54 in column 54. 

73 thru 80 Coding these columns is not essential and may be used for card identification purposes. 


OPTION 2 is the Hexadecimal Option and is a much more compact way of presenting the data. This format requires only 256 data 
cards. Each data card contains the 8-bit output information for 16 storage locations in the memory. The address indicated in 
columns 21, 22 and 23 is the address of the data presented in columns 30 and 31. Addresses for successive data are assumed to 
be in incremental ascending order from the initial address. Since the address in columns 21, 22 and 23 always points only to the 
first data on the card, column 23 is always zero. Columns 21 and 22 take all hex values from 00 through FF:256 cards in all. Data 
is entered in hex values and may be any combination of 8 bits, that is, hex values from 00 through FF. 


OUTPUT VALUES FOR ADDR + 


roe 


TRAE S a aaa [5758/59] EI ou aso 


ws 
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Am9232 ¢ Am9233 


Am9232/Am9233 
BLOCK DIAGRAM 


All 
A10 
AQ 
A8& 
A7 
A6 
A5 


STORAGE 
ARRAY 
128 x 256 


ROW 
DECODER 





A4 
A3 
A2 COLUMN DECODER 


Al 


AO 
OUTPUT BUFFERS 





csi CHIP 
SELECT 
CS2 ———~| DECODER 





01 O02 O03 O4 O58 O6 O7 O8 MOS-106 
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Am27S28 « 


Am27S29 


4096-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


High Speed — 55ns max commercial range access time 
Excellent performance over ful! MIL and commercial ranges 
Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 

High programming yield 

Low current PNP inputs 

High current open collector and three-state outputs 

Fast chip select 

Access time tested with N? patterns 

Pin for pin replacements for industry standard products 
Common Generic PROM series electrical characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S28 and Am27S29 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD's fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed to 
any customized pattern. Extra test rows are pre-programmed 
during manufacturing to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide was selected as the fuse link materia! to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliabilty. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


ORDERING INFORMATION 


Order 
Number 


Package Temperature 
Type Range 


Open Collectors 


0°C to +75°C 
—55°C to +125°C 


AM27S28DC 
AM27S28DM 


Hermetic DIP 
Hermetic DIP 


Three-State Outputs 


0°C to +75°C 
-—55°C to + 125°C 


AM27S29DC 
AM27S29DM 


Hermetic DIP 
Hermetic DIP 


FUNCTIONAL DESCRIPTION 


The Am27S28 and Am27S29 are high speed electrically pro- 
grammable Schottky read only memories. Organized in the in- 
dustry standard 512 x 8 configuration, they are available in both 
open collector Am27S28 and three-state Am27S29 output ver- 
sions. After programming, stored information is read on outputs 
Oo-O7 by applying unique binary addresses to Ag-Ag and hold- 
ing the chip select input, CS, at a logic LOW. If the chip select 
input goes to a logic HIGH, O9-O7 go to tne off or high imped- 
ance state. 


BLOCK DIAGRAM 


COLUMN TEST RAIL 


64 x 64 
PROGRAMMABLE 
ARRAY 


TEST COLUMN 


TEST ROW 0 


TEST ROW 1 


[esr pow 
RII SIRLININIS 


= 
Pe el be re Pe oe 
Sly 


C) ) ©) @e ©) 
O 0, OF O3 O% 


ROW TEST RAIL 


8x 1 OF 8 MULTIPLEXER 


LOGIC SYMBOL 


1 2 3 4 5 16 17 18 19 


Ag Ay Az Ag Ag As Ag Az Ag 


Am27S828 
Am27S29 
512 X 8 PROM 


Op Oj Og Og Og Os Og OF 


6 7 8 9 11 12 13 14 


BPM-084 


CONNECTION DIAGRAM 
Top View 


Am27828 
Am27S29 


Az Az Aq Op 0; O2 O3 GND 
Note: Pin 1 is marked for orientation. 








BPM-085 


Am27S28 ¢ Am27S29 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 20 to Pin 10) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs (Except During Programming) —0.5V to +Vece max. 
DC Voltage Applied to Outputs During Programming 21V 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mMA 
DC Input Voltage —0.5V to +5.5V 
DC Input Current —30mA to, +5mA 


OPERATING RANGE 


COM'L Am27S28XC, Am27S29XC Ta = 0°C to +75°C Voc = 5.0V +5% 
Am27S28XM, Am27S29XM Ta = —55°C to +125°C Veco = 5.0V +10% 











ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


VOH. Output HIGH Voltage “CG ee ere 2.4 
(Am27S29 only) Vin = Vin or VIL 
V = MIN., | = 16mMA 
VoL Output LOW Voltage Ge oF Volts 
Vin = Vin or Vit 
i ical Hi 
Vin Input HIGH Level Guaranteed input logical HIGH 2.0 Volix 
voltage for all inputs 
; a 
Vib Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 


Input LOW Current Vcc = MAX., Vin = 0.45V 
Input HIGH Current Voc = MAX., Vin = 2.7V 


tie Input HIGH Current Vec = MAX., Vin = 5.5V 

































Isc Out beaaat a = 
put Short Circuit Current V MAX., V 0.0V (Note 2) _90 
(Am27S29 only) cc OUT 


bee gal 
El 
es 
ca 
= 
poses 
oe 
fees 
Le 
ESS 





Input Clamp Voltage Vcc = MIN., Ip = —18MA 


ICEX Output Leakage Current Am27829 | Vg =2.4V 
only Vo = 0.4V 


Notes: 1. Typical limits are at Vcc =5.0V and Tp = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but periodically sampled. 
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Am273S28 ¢« Am27S29 


5V 
25°C COM’L MIL 
35 


ee ee ee 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 


Parameter 












Description Test Conditions 


Address Access Time 
Enable Access Time 
ttn Enable Recovery Time 


Notes: 1. tag is tested with switch S; closed and C, = 30pF. 
2. For open collector outputs, te, and ter are tested with S; closed to the 1.5V output level. CL = 30pF. 
3. For three state outputs, te, is tested with C_ = 30pF to the 1.5V level; S; is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. ter is tested with C; = SpF. HIGH to high impedance tests are made with S; open to an output voltage of Voy 
— 0.5V; LOW to high impedance tests are made with S; closed to the Vo, + 0.5V level. 









AC Test Load 
(See Notes 1-3) 


(ss [so 






SWITCHING WAVEFORMS 


AgrAg ———————— 1.5V 
ov 

cs, oe ef 1.5V 
ov 


—— 


ee 


—_ Vou — 0.5V 


Vo_ + 0.5V 


Note: Level on output while CS is HIGH is determined externally. 
BPM-086 


KEY TO TIMING DIAGRAM PHYSICAL DIMENSIONS 


Dual-In-Line 


WAVEFORM INPUTS OUTPUTS 


20-Pin Hermetic 


MUST BE 
STEADY 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


MAY CHANGE 
FROM H TOL 





MAY CHANGE 
FROM L TOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


WILL BE 
CHANGING 
FROM LTO H 


CHANGING; 
STATE 
UNKNOWN 


CENTER 

LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


AC TEST LOAD 


OUTPUT 





.140 
‘200 
125 
“150 
.050 | | .090 
1670 110 


BPM-087 
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Am27S28 * Am27S29 


PROGRAMMING 


The Am27S28 and Am27S29 are manufactured with a conduc- 
tive Platinum-Silicide link at each bit location. The output of the 
memory with the link in place is LOW. The fusible links are 
opened one at a time by passing current through them from a 20 
volt supply which is applied to the memory output after the CS 
input is at a logic HIGH. Current is gated through the addressed 
fuse by raising the CS input from a logic HIGH to 15 volts. After 
50 psec, the 20 volt supply is removed, the chip is enabled and 
the output level is sensed to determine if the link has opened. 
Most links will open within 50 usec. Occasionally a link will be 
stronger and require additional programming cycles. The re- 
commended duration of additional programming periods is 5 
msec. Ifa link has not opened after a total elapsed programming 
time of 400 msec, further programming of the device should not 
be attempted. Successive links are programmed in the same 
manner until all desired bit locations have been programmed to 
the HIGH level. 


Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 
the current drops to approximately 40mA. Current into the CS pin 
when it is raised to 15 volts is typically 1.5mA. 


PROGRAMMING PARAMETERS - 


Parameter Description 
Voce Vcc During Programming 

ViHP Input HIGH Level During Programming 
VILP Input LOW Level! During Programming 
Vesp CS Voltage During Programming 


Vop Output Voltage During Programming 


Vonp Voltage on Outputs Not to be Programmed 

lonp Current into Outputs Not to be Programmed 
d(Vop)/dt 
d(Ven)/dt 


Rate of Output Voltage Change 
Rate of CS Voltage Change 
Programming Period — First Attempt 


t 
‘ Programming Period — Subsequent Attempts 


The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be continuously applied to one device more than 5 sec- 
onds to avoid heat damage. If this programming time is ex- 
ceeded, all power to the chip including Vcc should be re- 
moved for a period of 5 seconds after which programming 
may be resumed. 


When all programming has been completed, the data content 
f the memory shouid be verified by sequentially reading ail 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. 


Volts 
Volts 
Volts 
Volts 
Volts 
Vecpt0.3 Volts 
mA 


Min. : Units 


19.5 


msec 


Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 
. Delays t, through t, must be greater than 100ns; maximum delays of 14sec are recommended to minimize heating during pro- 
gramming. 
. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 
are required. 
. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


PROGRAMMING WAVEFORMS SIMPLIFIED PROGRAMMING DIAGRAM 


Vecp Vonp 


Vine 
ADDRESS SELECTED ADDRESS STABLE 
INPUTS Vitp 


—— Vesp 


cs 
ies Vinp Am27$28 
Am27529 


PROGRAMMED 
OUTPUT 
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Am273S28 « Am27S29 


PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 

able from the sources listed below. In each case, the pro- 

gramming boards are used in these manufacturer's automatic 
SOURCE AND LOCATION Data I/O Corp. 

P.O. Box 308 

Issaquah, Wash. 98027 

Model 5, 7 and 9 


909-1286-1 


programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 

Pro-Log Corp. 

2411 Garden Road 

Monterey, Ca. 93940 


M900 and M920 
PM9058 


PROGRAMMER MODEL(S) 


AMD GENERIC BIPOLAR 
~PROM PERSONALITY BOARD 
Am27S28 * Am27S29 
ADAPTERS AND 
CONFIGURATOR 


AINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the form of a punched paper tape and must be 
accompanied by a written truth table. The punched tape can 
be delivered with your order or may be transmitted over a 
TWX machine or time-sharing terminal. ASCII BPNF is our 
preferred paper tape format. 7 


ASCIl BPNF 
An example of an ASCII tape in the BPNF format is shown 


below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 512 words, starting with word 0, in 
the following format: . 
a. Any characters, including carriage return and line feed, 
except “B”. 
b. The letter “B’, indicating the beginning of the data 
word. 
. A sequence of eight Ps or Ns, starting with output O;. 
. The letter “F’, indicating the finish of the data word. 
. Any text, including carriage return and line feed, except 
the letter “B”. 


TYPICAL PAPER TAPE FORMAT 


$93 BPNPPNNNPF WORD ZERO (R) (L) 
BPPPPPPNNF COMMENT FIELD (R) (1) 

¢¢2  BNNNPPPPNF ANY (R) @) 
BNNNNNNNNF 

$34  BPNNNNNNPF 
BNPPNPPNNE 

$¢6 BPNNPPPNNF 


@eseveeeasend 
eeeeetevesn eos 


511 BNNNNPPPNF 
(R) = CARRIAGE RETURN 
(L)= LINE FEED 


ASCII ‘B’ ASCII ‘Be’ 





F 
LEADER 


aaa 





aeo0oa0o0000 000 





0000 
0000 






o0o0o0o00 


90000 ° 





° 





L OPTIONAL COMMENTS MAY BE INSERTED HERE 


715-1413 





eooo0o0o0o00 000 


0000 


ee ee ee 2 | 
9000000 





8 ‘P's OR ‘N's 


PA20-4 and 512 x 8 (L) 


Truth tables are also acceptable, however, much less desir- 
able especially for larger density PROMs. Submission of a 
truth table requires the generation of a punched paper tape at 
the distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words) with the word number, then type 
the data word, then a comment, then carriage return and line 
feed as shown below. There must be no characters between 
the B and the F except for the eight Ps and Ns. If an error is 
made in a word, the entire word must be cancelled with rub- 
outs back to the letter B, then the word re-typed beginning 
with the B. 


When TWXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 
RESULTING DEVICE TRUTH TABLE (CS LOW) 


Ag A7 Ag As Ag Az Ao Ay Ag O7 0, O05 O4 O3 Oo O; 


Zeeermrrrrere 





CR TRAILER 


— 








00 
oo0°0 ° 










ooo0o 0 





LF 
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BPM-017 


Am273S30 « Am27S31 


4096-Bit Generic Series Bipolar PROM 


DISTINCTIVE CHARACTERISTICS 


High Speed - 55 ns max commercial range access time 
Excellent performance over full MIL and commercial ranges 
Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 

High programming yield 

Low current PNP inputs 

High current open collector and three-state outputs 

Fast chip select 

Access time tested with N? patterns 

Pin for pin replacements for industry standard products 
Common Generic PROM series electrical characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S30 and Am27S31 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD’s fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed to 
any customized pattern. Extra test rows are preprogrammed 
during manufacturing to insure extremely high field programming 
yields, and produce excellent parametric correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliabilty. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
PROMs. | 


Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through ail ‘critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


ORDERING INFORMATION 


Order 
Number 


Package 
Type 


Temperature 
Range 


Open Collectors 


0°C to +75°C 
—55°C to +125°C 


Hermetic DIP 
Hermetic DIP 


AM27S30DC 
Am27S30DM 


Three-State Outputs 


O°C to +75°C 
—55°C to +125°C 


Hermetic DIP 
Hermetic DIP 


AM273S31DC 
AM27S31DM 
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FUNCTIONAL DESCRIPTION 


The Am27S30 and Am27S31 are high speed electrically pro- 
grammable Schottky read only memories. Organized in the in- 
dustry standard 512 x 8 configuration, they are available in both 
open colieclor Am27S30 and three-state Am27S31 output ver- 
sions. After programming, stored information is read on outputs 
Op 9-O7 by applying unique: binary addresses to Ag-Ag and holding 
CS, and CS, LOW and CS, and CS, HIGH. All other valid input 
conditions on CS,, CS., CS3 and CS, place O9-O7 into the OFF 
or high impedance state. 


BLOCK DIAGRAM 


COLUMN TEST RAIL 


64 x 64 
PROGRAMMABLE 
ARRAY 


TEST COLUMN 
ROW TEST RAIL 


TEST ROW 0 


esr nows 
IRINA IRIN 


8 x 1 OF 8 MULTIPLEXER 


W 
aad 


i. Sen eRSRaREREOR 


Slylylylylylyly 


@ ® © @ @ O) @ oe 
Op 0; Of O03 O, Os Of O07 


BPM-114 


LOGIC SYMBOL 


6 765 43 2 1 23 


Ap A; Ag Aq Aq As Ag Ay Ag 
Vec Pin 24 
GND Pin 12 
(Pin 22 Open) 


Am27S30/Am27S31 
512 X 8 PROM 


Oo 01 O2 03 04 Os Og O07 


9 10 1113 14 15 16 17 


CONNECTION DIAGRAM 
Top View 


23 22 #2t #20 #19 #18 #17 «16«6«150©6«614~=«13 


Am27830/Am27S31 


Ar Ap O% 


Note: Pin 1 is marked for orientation. 


QO, 02 GND 





BPM-116 


Am27S30 « Am27S$31 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs (Except During Programming) —0.5V to +Vcec max. 
DC Voltage Applied to Outputs During Programming 21V 


Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200MmA 
DC Input Voltage —0.5V to +5.5V 
DC Input Current —30mA to, +5mA 


OPERATING RANGE 


COML Am27S30XC, Am27S31XC 
Am27S30XM, Am27S31XM 









Ta = 0°C to + 75°C 
Ta = —55°C to +125°C 






Vec = 5.0V +5% 


Vcc = 5.0V +10% 





ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


VOH 
Volts 
(Am27S31 only) von 
VoL 0.50 Volts 
Vin Input HIGH Level Guaranteed input logical HIGH 20 
voltage for all inputs 
Isc 












Vcc = MIN., loy = —2.0mA 
Vin = Vin or Vib 
Veco = MIN., loy = 16mMA 







Output HIGH Voltage 













Output LOW Voltage 


ies 
b 










; log] 
Input LOW Level Guaranteed input ogicalt LOW 
voltage for all inputs 


Input LOW Current Vcc = MAX., Ving = 0.45V mA 





NO 
on 





input HIGH Current Vcc = MAX., Vin = 2.7V yA 
2 a Input HIGH Current Vec = MAX., Vin = 5.5V mA 


(Ain27$31 only) Output Short Circuit Current Vcc = MAX., Vout = 0.0V (Note 2) —20 


All inputs = GND 
VI 


Weve al Input Clamp Voltage Vcc = MIN., lin, = —18mA 


ICEX Output Leakage Current RR Am27831 | Vo =2.4V 
Spa et ll eialy Vo = 0.4V 


Notes: 1. Typical limits are at Vcc = 5.0V and Ty, = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but periodically sampled. 






| 
$ 
oO 
= 
> 


ue) 
n 
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Am273S30 « Am27S31 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA | 


Parameter 





Notes: 1. 
2. 


3. 


Enable Access Time 





Description Test Conditions 


Address Access Time 






AC Test Load 
(See Notes 1-3) 





Enable Recovery Time 


taa is tested with switch S; closed and C, = 30pF. 

For open collector outputs, te, and ter are tested with S; closed to the 1.5V output level. CL = 30pF. 

For three state outputs, te, is tested with C_ = 30pF to the 1.5V level; S; is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. ter is tested with C,; = SpF. HIGH to high impedance tests are made with S; open to an output voltage of Voy 


— 0.5V; LOW to high impedance tests are made with S; closed to the Vo, + 0.5V level. 





SWITCHING WAVEFORMS 


CS3, CS, 
1.5V 


Cs; ; Cs. OV 


| 
}+-—— mx —_—-| [tera] [tea] : 
JVV {——s vor-980 TN, 
AVAVAVAN [1] f 0.0 XX 
Note: Level on output while chip is disabled is determined externally. 


KEY TO TIMING DIAGRAM 


WAVEFORM 


AN 
All 


INPUTS 


MUST BE 
STEADY: 


MAY CHANGE 
FROMH TOL 


MAY CHANGE 
FROM LTOH 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROMH TOL 


WILL BE 
CHANGING 
FROM LTOH 


WAVEFORM 


AA 
iaKe 


AC TEST LOAD 


OUTPUT 


INPUTS 


_DON'T CARE; 


ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF STATE 
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PROGRAMMING 


The Am27S30 and Am27S31 are manufactured with a con- 
ductive Platinum-Silicide link at each bit location. The output of 
the memory with the link in place is LOW. The fusible links are 
opened one ata time by passing current through them from a 20 
volt supply which is applied to the memory output after the CS, 
input is at a logic HIGH. Current is gated through the addressed 
fuse by raising the CS, input from a logic HIGH to 15 volts. After 
50 psec, the 20 volt supply is removed, the chip is enabled and 
the output level is sensed to determine if the link has opened. 
Most links will open within 50 uzsec. Occasionally a link will be 
stronger and require additional programming cycles. The re- 
commended duration of additional programming periods is 5 
msec. If a link has not opened after a total elapsed programming 
time of 400 msec, further programming of the device should not 
be attempted. Successive links are programmed in the same 
manner until all desired bit locations have been programmed to 
the HIGH level. 


Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 
the current drops to approximately 40mA. Current into the CS, 
pin when it is raised to 15 volts is typically 1.5mA. 


PROGRAMMING PARAMETERS - 


Parameter Description 
Vecp Vcc During Programming 

Vine Input HIGH Level During Programming 
ViLP Input LOW Level During Programming 


Vesp CS, Voltage During Programming 


Vop Output Voltage During Programming 


VonP Voltage on Outputs Not to be Programmed 

lonP Current into Outputs Not to be Programmed 
d(Vop)/dt 
d(Ven)/at 


Rate of Output Voltage Change 
Rate of CS; Voltage Change 
Programming Period — First Attempt 


Programming Period — Subsequent Attempts 


Am27S30 « Am27S31 


The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be continuously applied to one device more than 5 sec- 
onds to avoid heat damage. if this programming time is ex- 
ceeded, all power to the chip including Vcc should be re- 
moved for a period of 5 seconds after which programming 
may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. 


Units 
Volts 
Volts 


= 
@ 
bad 


nh 
> 


Volts 
Volts 
Volts 
Volts 
mA 


© 


5.5 
5.5 
s | ss | 


V/usec 


v/usec 


100 psec 


msec 


All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 
. Delays ty through tz must be greater than 100ns; maximum delays of 1jsec are recommended to minimize heating during pro- 


gramming. 


. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 


are required. 


. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


PROGRAMMING WAVEFORMS 


Vine 
ADDRESS SELECTED ADDRESS STABLE 
INPUTS ViLP 


— Vcsp 


cs, 
ENABLE Vip 


PROGRAMMED 


OUTPUT 


A 
VERIFY y 


|——____ PROGRAMMING CYCLE —______-| 
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SIMPLIFIED PROGRAMMING DIAGRAM 


Vocp Vonp 


Am27S30 
Am27S831 








Am27$S30 « Am27S31 


PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer's automatic 


SOURCE AND LOCATION 


PROGRAMMER MODEL(S) 


AMD GENERIC BIPOLAR 
PROM PERSONALITY BOARD 


Am27S30 * Am27S31 
ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the form of a punched paper tape and must be 
accompanied by a written truth table. The punched tape can 
be delivered with your order or may be transmitted over a 
TWX machine or time-sharing terminal. ASCI! BPNF is our 
preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 512 words, starting with word 0, in 
the following format: . 
a. Any characters, including carriage return and line feed, 
except “B”. 
b. The letter “B”", indicating the beginning of the data 
word. 
. A sequence of eight Ps or Ns, starting with output O7. 
. The letter “F’, indicating the finish of the data word. 
. Any text, including carriage return and line feed, except 
the fetter “B”. 


TYPICAL PAPER TAPE FORMAT 


$66 BPNPPNNNPF WORD ZERO (R) (1) 
BPPPPPPNNF COMMENT FIELD (R) (D) 

$¢2  BNNNPPPPNF | 
BNNNNNNNNF 

$64  BPNNNNNNPF 
BNPPNPPNNF 

$66  BPNNPPPNNF 


511 BNNNNPPPNF 
(R) = CARRIAGE RETURN 
(= LINE FEED 


LEADER 


ee 


eooco0go00000 


oooo 
o000 


Data !/O Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5, 7 and 9 
909-1286-1 


715-1545 


eoooo 


programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 

Pro-Log Corp. 

2411 Garden Road 

Monterey, Ca. 93940 

Mg00 and M920 


PM9058 


PA24-13 and 512 x 8 (L) 


Truth tables are also acceptable, however, much less desir- 
able especially for larger density PROMs. Submission of a 
truth table requires the generation of a punched paper tape at 
the distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level ='0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words) with the word number, then type 
the data word, then a comment, then carriage return and line 
feed as shown below. There must be no characters between 
the B and the F except for the eight Ps and Ns. If an error is 
made in a word, the entire word must be cancelled with rub- 
outs back to the letter B, then the word re-typed beginning 
with the B. 


When TWXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


__RESULTING DEVICE TRUTH TABLE 
(CS, AND CS> LOW, CS3 AND CS, HIGH) 
Ag As Ag Az Ao Ay Apo O7 Og O5 O04 O3 Oo O; 


Gc eeerrrrrerre 





TRAILER 


——— 


eoo00000 000 


@oeee7ee*#sreseseeeeeoeeseeoee#2eoeteteser eet eeeoee#eeteee#se¢ @ 


ogo000 
° o0o0oo090 


OPTIONAL COMMENTS MAY BE INSERTED HERE 
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BPM-017 


Am273S180 « Am27S181 


8192-Bit Generic Series Bipolar PROM 


PRELIMINARY DATA 


DISTINCTIVE CHARACTERISTICS 


High Speed — 60ns max commercial range access time 
Excellent performance over full MIL and commercial ranges 
Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 

High programming yield 

Low current PNP inputs 

High current open collector and three-state outputs 

Fast cnip select 

Access time tested with N? patterns 

Pin for pin replacements for industry standard products 
Common Generic PROM series electrical characteristics 
and simple programming procedures. 


@eewoee se 


GENERIC SERIES CHARACTERISTICS 


The Am27S180 and Am27S181 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD’s fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliabilty. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible tink 
PROMs. 


Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


ORDERING INFORMATION 


Order 
Number 


Package 
Type 


Temperature 
Range 


Open Collectors 


O°C to +75°C 
~§5°C to +125°C 


Three-State Outputs 


0°C to +75°C 
—55°C to +125°C 


AM27S180DC 
AM27S180DM 


Hermetic DIP 
Hermetic DIP 


Hermetic DIP 
Hermetic DIP 


AM27S181DC 
AM27S181DM 
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FUNCTIONAL DESCRIPTION 


The Am27S180 and Am27S181 are high speed electrically 
programmable Schottky read only memories. Organized in the 
industry standard 1024 x 8 configuration, they are available in 
both open collector Am27S180 and three-state Am27S181 out- 
put versions. After programming, stored information is read on 
outputs Oo-O7 by applying unique binary addresses to Ap-Ag 
and enabling the chip (CS;, CS», low and CS3, CS, high). 
Changes of chip seiect input levels disabies the outputs causing 
them to go to the off or high impedance state. 


BLOCK DIAGRAM 


COLUMN TEST RAIL 


64 x 128 
PROGRAMMABLE 
ARRAY 


TEST COLUMN 
ROW TEST RAIL 


TEST WORD 0 


TEST WORD 1 


Prestwonoy 
Tel | 
Lid 


1 OF 16 MULTIPLEXER 


say ly ily ily 


BPM-098 Op 0, O2 03 0% Os O% 


LOGIC DIAGRAM 
8 7 6 5 43 2 1 #23 22 
__ Ao At Az Ag Ag As Ag Az Ag Ag 
Am27S180/181 


Op 0; O2 03 04 O5 Og O7 


Vec = Pin 24 
GND = Pin 12 


9 10 11 13 14 15 16 17 
BPM-099 


CONNECTION DIAGRAM 
Top View 


15 14 13 


24 23 22 21 #20 #19 #18 #+%17 «16 


Am27S180/181 





BPM-100 Note: Pin 1 is marked for orientation. 





Am27S180 « Am27S181 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65 to +150°C 
Temperature (Ambient) Under Bias —55 to +125°C 
Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous —0.5 to +7.0V 
DC Voltage Applied to Outputs (Except During Programming) —0.5V to +Vec max. 
DC Voltage Applied to Outputs During Programming 21V 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA 
DC Input Voltage —0.5 to +5.5V 
DC Input Current —30 to +5mA 


OPERATING RANGE 


COM'L Am27S180XC, Am27S181XC Ta = 0 to 75°C Voc = 5.0V +5% 





Am27S180XM, Am27S181XM Te = -55 to +125°C Voc = 5.0V +10% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 
Parameters Description Test Conditions (Note 1) Max. Units 


Min. 
Von Voc = MIN., low = —2.0mA 
(Am278181 only) Output HIGH Voltage Vin = Vin or Vit Volts 
Vec = MIN., lo. = 16mA , 
Vv Output LOW Voltage Volts 
Vin Input HIGH Level | Guaranteed input logical HIGH Volts 
voltage for all inputs 
L 
N 

















femora 
rin | rnin 6w Gorere | Veg = MAX. Viw=0asV | 
Cin | pw HIGH Curent | Voo= MAK. Vw =27V | 
ri tema rice Curent | Yoo = MAK. Y= 58 


V 
Ne 
Bore only) Output Short Circuit Current Voc = MAX., Voyt = 0.0V (Note 2) 
All inputs = GND 
puienia oa Vec = MAX. 
V 
C 


Cc 
Cc 
Input Clamp Voltage Vec = MIN., lin = —18MA 
| 


IcEx Output Leakage Current Ves1,2 =.2.4V| Am27S181| Vo = 2.4V 
Ves3,4 = 0.4V! Only Vo = 0.4V 


Input Capacitance Vin = 2.0V @ f = 1MHz (Note 3) 
Cout Output Capacitance Vout = 2.0V @ f = 1MHz (Note 3) 


Notes: 1. Typical limits are at Veg = 5.0V and Ta, = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 
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Am27S180 « Am27S181 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 





Parameter Description Test Conditions 


tka Address Access Time 
Enable Access Time 
ter | Enable Recovery Time 


Notes: 1. ta, is tested with switch S; closed and Ci = 30pF. 
2. For open collector outputs, te, and te, are tested with S; closed to the 1.5V output level. C, = 30pF. 
3. For three state outputs, te, is tested with C; = 30pF to the 1.5V level; S; is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. ter is tested with C, = 5pF. HIGH to high impedance tests are made with S; open to an output voltage of Voy — 0.5V; 
LOW to high impedance tests are made with S; closed to the Vo, + 0.5V level. 











AC Test Load 
(See Notes 1-3) 






SWITCHING CHARACTERISTICS 


= Ce 3.0V 
Ao-Ag Larrea ee 1.5V 


OV 


| 
= 


ter — 
7 YYYV SN 7 . 
ss KK) KE 


Voi 


Note: Level on output while chip is disabled is determined externally. 
BPM-101 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE DON’T CARE; CHANGING; 
STEADY STEADY ANYCHANGE STATE 
PERMITTED UNKNOWN 


. CENTER 
WILL BE 


DOES NOT _LINE IS HIGH 
MAY CHANGE CHANGING APPLY IMPEDANCE 
FROMHTOL FROMHTOL “OFF” STATE 


CHANGING 
FROMLTOH 


ii MAY CHANGE = WILL BE 


FROM LTOH 


AC TEST LOAD 


BPM-102 
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Am27S180 « Am27S181 


PROGRAMMING 


The Am27S180 and Am27S181 are manufactured with a conduc- 
tive Platinum-Silicide link at each bit location. The output of 
the memory with the link in place is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS, input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS, input 
from a logic HIGH to-15 volts. After 50 usec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 yxsec. Occasionally a link will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional programming periods is 5 msec. If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH 
level. 


Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 


PROGRAMMING PARAMETERS 


Parameter Description 


Voecp Vcc During Programming 
Vine Input HIGH Level During Programming 
ViLp Input LOW Level During Programming 
Vesp Cs, Voltage During Programming 
Vop Output Voltage During Programming 
Vonp Voltage on Outputs Not to be Programmed 
lone Current into Outputs Not to be Programmed 
d(Vop)/dt 


d(Vces)/dt 


Rate of Output Voltage Change 
Rate of CS,, Voltage Change 


: Programming Period — First Attempt 
P 


the current drops to approximately 40mA. Current into the 
CS, pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Veg should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. 


Units 
Volts 
Volts 
Volts 

Volts 
Volts 
Volts 

mA 


= 
el 


V/usec 
V/psec 


psec 


Programming Period — Subsequent Attempts msec 


Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 
. Delays ty, tg, tg and tz must be greater than 100 ns; maximum delays of 1 usec are recommended to minimize heating during 
programming. 
. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 
are required. | 
. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


PROGRAMMING WAVEFORMS SIMPLIFIED PROGRAMMING DIAGRAM 
Vecp Vonp 


R = 3000 


Vine 
ADDRESS SELECTED ADDRESS STABLE 
INPUTS Vite 


—— Vesp 


d 
Cs, Am27$180 
ENABLE 
Vine eee 


PROGRAMMED 
OUTPUT 


fies PROGRAMMING CYCLE —_—_______+| 





BPM-103 BPM-104 
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Am27$S180 * Am27S181 


PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer's automatic 


SOURCE AND LOCATION 


programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 

Data 1/O Corp. 


P.O. Box 308 
Issaquah, Wash. 98027 


Model 5, 7 and 9 
909-1286-1 


Pro-Log Corp. 
2411 Garden Road 
Monterey, Ca. 93940 


Msg00 and M920 
PM9058 


PROGRAMMER MODEL(S) 


AMD GENERIC BIPOLAR 
PROM PERSONALITY BOARD 


Am27S180 * Am27S181 
ADAPTERS AND 
CONFIGURATOR 


715-1545-2 PA24-13 and 1024 x 8 (L) 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the form of a punched paper tape and must be 
accompanied by a written truth table. The punched tape can 


Truth tables are also acceptable, however, much less desir- 
able especially for larger density PROMs. Submission of a 
truth table requires the generation of a punched paper tape at 
the distributor or factory resulting in longer lead times, greater 


be delivered with your order or may be transmitted over a possibility of error, and higher cost. 
TWX machine or time-sharing terminal. ASCI! BPNF is our 


preferred paper tape format. 


ASCIli BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 1024 words, starting with word 0, in 
the following format: 
a. Any characters, including carriage return and line feed, 
except “B”. 
b. The letter ‘‘B’’, indicating the beginning of the data 
word. 
. A sequence of eight Ps or Ns, starting with output O7. 
. The letter “F’, indicating the finish of the data word. 
. Any text, including carriage return and line feed, except 
the letter “B”. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words) with the word number, then type 
the data word, then a comment, then carriage return and line 
feed as shown below. There must be no characters between 
the B and the F except for the eight Ps and Ns. If an error is 
made in a word, the entire word must be cancelled with rub- 
outs back to the letter B, then the word re-typed beginning 
with the B. 





When TWxXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


__ RESULTING DEVICE TRUTH TABLE 
(CS, AND CS, LOW, CS, AND CS, HIGH) 


Ag A; Ag As Ay A3 Ao Ay Ao 07 Og Os O4 03 Oo 0, Oo 


TYPICAL PAPER TAPE FORMAT 


$02  BPNPPNNNPF WORD ZERO ® @ 
BPPPPPPNNF COMMENT FIELD ® @ 
$92 §BNNNPPPPNF 
BNNNNNNNNF 
$04 BPNNNNNNPF 
BNPPNPPNNF 
$06 BPNNPPPNNF 


@eeeseaseeve 
° Seessoeaeogose 


Se a 


1023 BNNNNPPPNF 


® = CARRIAGE RETURN 
© = LINE FEED 


a cre eee ee 
ou I pec fae pee em al ee 
x See ee Ee 
x ITirr~reee 
err Lae 
ere ee 
i Lb ee a x 


aL 


ASCII PAPER TAPE 
ASCII 
ra 
TRAILER 


_oOOO 


LEADER 


ee 


ooo0o0o0g0000 e00c0o0o00000 


0000 oo0o°o 
oo000 eooo0 
eeeceeveeeeresesee er eee ween ereeeeo wr eee eee eee 
o00090 0000 
°o o0oo00 0 °o ooo°o 


8 ‘P’s OR ‘N's 
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Am27S184 


Am273S185 


8192-Bit Generic Series Bipolar PROM 


PRELIMINARY DATA 


DISTINCTIVE CHARACTERISTICS 


e Excellent performance over full MIL and commercial ranges 
@ Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 
High programming yield 
Low current PNP inputs 
High current open collector and three-state outputs 
Fast chip select 
Access time tested with N patterns 
Pin for pin replacements for industry standard sedacis 
Common Generic PROM series electrical characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am27S184 and Am27S185 are members of an Advanced 


PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storin 
logic LOW and can be selectively programmed to 

HIGH by applying appropriate voltages to the cired 


All parts are fabricated with AMD’s fast program 

reliable Platinum-Silicide Fuse technology. Utilizin 
plemented programming (and common programming 

ity card sets) these products can be rapidly programmed 
any customized pattern. Extra test words are pre-programm 


pennuneciicide was selected as the 
achieve a well controlled melt raté: 


It-in temperature and voltage 
k to provide excellent parametric 


chniques have been employed to minimize de- 


lays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


ORDERING INFORMATION 


Order 
Number 


Package 
Type 


Temperature 
Range 


Open Collectors 


0 to +75°C 
—55 to +125°C 


Three-State Outputs 


0 to +75°C 
—55 to +125°C 


Hermetic DIP 
Hermetic DIP 


AM27S184DC 
AM27S184DM 


Hermetic DIP 
Hermetic DIP 


AM27S185DC 
AM27S185DM 


FUNCTIONAL DESCRIPTION 


The Am27S184 and Am27S185 are high speed electrically 
programmable Schottky read only memories. Organized in the 
industry standard 2048 x 4 configuration, they are available in 
both open collector Am27S184 and three-state Am27S185 out- 
put versions. After programming, stored information is read on 
outputs O9-O3 by applying unique binary addresses to Ap-Aio 
and holding the chip select input CS LOW. If the chip select 
input goes to a logic HIGH, Og-O3 go to the off or high-imped- 
ance state. 


BLOCK DIAGRAM 


COLUMN TEST RAIL 


1 OF 128 
ROW 
DECODER 


wy LS3L MOY 


BPM-106 


LOGIC SYMBOL 


Am27S 184/185 


Vee = Pin 18 
GND = Pin 9 


BPM-107 


CONNECTION DIAGRAM 
Top View 


Voc Az Ag Ag Op 0, O2 O3 CS 
18 17 #16 #15 #=+%84 «33«12 #141+«10 


Am27$184/185 


Note 1: Pin 1 is marked for orientation. 
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| Am27S184 « Am27S185 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65 to +150°C 
Temperature (Ambient) Under Bias ~55 to +125°C 
Supply Voltage to Ground Potential (Pin 18 to Pin 9) Continuous -0.5 to +7.0V 
DC Voltage Applied to Outputs (Except During Programming) —0.5V to +Vcco max. 
DC Voltage Applied to Outputs During Programming . 21V 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA 
DC Input Voltage —0.5 to +5.5V 
DC Input Current i —30 to +5mA 





OPERATING RANGE 
Am27S184XC, Am27S185XC Ta = 0 to 75°C Vec = 5.0V +5% 





Am27S184XM, Am27S185XM To = -55 to +125°C Voc = 5.0V +10% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (unless Otherwise Noted) 
PRELIMINARY DATA 


Typ 
Parameters Description Test Conditions Min (Note 1) Max Units 


Von Vcc = MIN., lon = —2.0mMA 
(Am278185 only)| Output HIGH Voltage Vin = Vin or Vip 

















Vec = MIN., lo, = 16mA 
Output LOW Voltage cc » TOL 
i : Vin = Vin or Vic 


OL 
Vig Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
Ft. Input LOW Current Voc = MAX., Vin = 0.45V 


Flin Input HIGH Current Voc = MAX., Vin = 2.7V 
Pho Input HIGH Current Voc = MAX., Vin = 5.5V 


Vit 

fe 

Isc a 7 - 

(Am27S185 only) Output Short Circuit Current Voc = MAX., Voyt = 0.0V (Note 2) 
All inputs = GND 
Power Supply Current Voc = MAX. 
Cin 





Input Clamp Voltage Voc = MIN., lin = —18mA 


Vec = MAX 
Icex Output Leakage Current Ves =2.4V Am278185 
only Vo = 0.4V 


iCn | Input Capacitance Vin = 2.0V @ f = 1MHz (Note 3) 
Output Capacitance Vout = 2.0V @ f = 1MHz (Note 3) 


Notes: 1. Typical limits are at Vcc = 5.0V and T, = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 
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Am27S184 « Am27S185 
SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


PRELIMINARY DATA 





Parameter Description Test Conditions 


Address Access Time 
tea | Enable Access Time 
Enable Recovery Time 


Notes: 1. taa is tested with switch S; closed and C, = 30pF. 
2. For open collector outputs, te, and te, are tested with S; closed to the 1.5V output level. C, = 30pF. 
3. For three state outputs, te, is tested with C_'= 30pF to the 1.5V level; S; is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. ter is tested with C, = SpF. HIGH to high impedance tests are made with S, open to an output voltage of Voy — 0.5V; 
LOW to high impedance tests are made with S; closed to the Vo, + 0.5V level. 















AC Test Load 
(See Notes 1-3) 


SWITCHING CHARACTERISTICS 
3.0V 
AorAio ON 1.5V 
ov 
fo Rane onal Sere aa ee ae ee Aileen, 7 
SoS 


|» |ten ~}— = [tea 
YVVV WY LZ 
KK oo cow NWA 


Note: Level on output while CS is HIGH is determined externally. 
BPM-109 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


DON'T CARE; CHANGING; 
ANYCHANGE STATE 
PERMITTED UNKNOWN 


MUST BE WILL BE 
STEADY STEADY 


CENTER 


WILL BE SHA DOESNOT LINE IS HIGH 


MAY CHANGE = CHANGING APPLY IMPEDANCE 


FROMLTOH ERoMLTOH 


WILL BE 
TH MAY CHANGE = GH ANGING 


AC TEST LOAD 


oo 





BPM-110 
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PROGRAMMING 


The Am27S184 and Am27S185 are manufactured with conduc- 
tive Platinum-Silicide link at each bit location. The output of 
the memory with the link in place is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS input is a logic HIGH. Current 
is gated through the addressed fuse by raising the cS input 
from a logic HIGH to 15 volts. After 50 ysec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 usec. Occasionally a link will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional programming periods is 5 msec. If a link has not 
crened after a total elansed oregramming time of 400 msec, 
further programming of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH 
level. 


_ Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 


PROGRAMMING PARAMETERS 


Parameter Description 


Voce Vec During Programming 
ViHP Input HIGH Level Ouring Programming 


VILP Input LOW Level During Programming 
Vesp cs Voltage During Programming 
Vop Output Voltage During Programming 
VoNnP Voltage on Outputs Not to be Programmed 
lonp Current into Outputs Not to be Programmed 
d(Vop)/dt 


d(Veg)/at 


Rate of Output Voltage Change 
Rate of CS, Voltage Change 


Programming Period — First Attempt 
P 


Am273184 ¢ Am27S185 


the current drops to approximately 40mA. Current into the 
CS pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Vcc should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. 


Units 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 

mA 


Nh 
(=) 


Viusec 
Viusec 


psec 


15 


msec 





[pur LOW Level Dung Proranming 
[Output Votege Dung Programming 


Programming Period — Subsequent Attempts 


Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 
. Delays ty, to, tg and tg must be greater than 100 ns; maximum delays of 1 usec are recommended to minimize heating during 
programming. | 
. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 
are required. 
. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


PROGRAMMING WAVEFORMS SIMPLIFIED PROGRAMMING DIAGRAM 


ViHP Vonp 
ADDRESS SELECTED ADDRESS STABLE 
INPUTS Vite 


cs 
ENABLE 


Am27S184 
OR 
Am27S185 


PROGRAMMED 


Cc 
cLoc 
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Am27S184 * Am27S185 


PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer's automatic 


SOURCE AND LOCATION 


PROGRAMMER MODEL(S) 


AMD GENERIC BIPOLAR 
PROM PERSONALITY BOARD 
Am27S184 * Am27S185 
ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the form of a punched paper tape and must be 
accompanied by a written truth table. The punched tape can 
be delivered with your order or may be transmitted over a 
TWX machine or time-sharing terminal. ASCII BPNF is our 
preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 2048 words, starting with word 0, in 
the following format: 
a. Any characters, including carriage return and line feed, 
except “B”. 
b. The letter ‘“B”, indicating the beginning of the data 
word. 
c. A sequence of four Ps or Ns, starting with output O3. 
d. The letter “F’, indicating the finish of the data word. 
. Any text, including carriage return and line feed, except 
the letter “B”. 


TYPICAL PAPER TAPE FORMAT 


BNNNPF WORD ZERO (R) (© 
BPPNNF COMMENT FIELD (R) @ 
BPPPNF ANY (R) 

BNNNNF 
BNNNEF 
BPPNNF 
BPPNNF 


@eeoseeve 
@eeeee 


BPPPNF 


TEXT (R) 


LEADER 
25 RUBOUTS 
—— 


eooo0o000c00ceKe 


oa0o0oo 


eaeeoeoeeaevnee ve 


OPTIONAL COMMENTS MAY BE INSERTED HERE 


715-1616 


programmers to program all AMD generic series bipolar 


PROMs; individual adapters are required for each basic part 


type in the series. 


Data I/O Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5, 7 and 9 
909-1286-1 


Pro-Log Corp. 

2411 Garden Road 
Monterey, Ca. 93940 
Ms00 and M920 


PM9058 


PA18-8 and 2048 x 4 (L) 


Truth tables are also acceptable, but are much less desirable 
especially for larger density PROMs. Submission of a truth 
table requires the generation of a punched paper tape at the 
distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words with the word number, then type the 
data word, then a comment, then carriage return and line feed 
as shown below. There must be no characters between the B 
and the F except for the four Ps and Ns. If an error is made in 
a word, the entire word must be cancelled with rubouts back 
to the letter B, then the word re-typed beginning with the B. 


When TWxXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


RESULTING DEVICE TRUTH TABLE (CS LOW) 


Aip Ag Ag A7 Ag As Ag Az Az Ay Ap 03 O2 0; Oo 


ZBrriroerrr 


TRAILER 
25 RUBOUTS 
—- 


0000000000 
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Fam 


AmZ8000 
Mi 


Development System 


Products 


AmSYS™8/8 Microcomputer 
Development System 


Especially Designed to Support 
the AmZ8000 Microprocessor 
and the 8080A, 8085A, Z80 & 8048 





AmSYS8/8 


For Total Capability, AMC gives you the AmSYS 8/8 
Microcomputer Development System 


SYSTEM DESCRIPTION 


The AmSYS 8/8 is designed to support a variety of 
microprocessors that include the AmZ8000, Z80, 
Am9080, Am8085, and Am8048. 


This system is especially designed to support the 
AmZ8000 CPU in both hardware and software develop- 
ment. An AmZ8000 Macro Assembler, linker and line 
oriented editor give the system powerful software de- 
velopment tools. The use of the RTE 8/8050 In-Circuit 
Emulator for AmZ8000 hardware/software debug and 
availability of high level languages allow the user great 
flexibility in development of AmZ8000 products. 


The basic system is contained in a single enclosure 
that fits on a desk top. It has the option of being rack 
mountable in a 19” relay rack by the addition of slide 
mounts. It has 64K bytes of main memory, two single 
density floppy disk drives, providing 512K bytes of 
storage, an RS232 serial port and two parallel I/O 
channels as standard features in the system. This 
system contains extra card slots for use for prototyping 
hardware. 


The AmSYS 8/8 has a multi-master bus structure that 
allows multiple 8 and 16 bit CPUs to be used at the 
same time. This bus structure allows the system to be 
easily upgraded to a full 16 bits by replacing the CPU 
board on the bus and adding the appropriate software. 


The AmSYS 8/8 has very powerful software included 
as part of the standard system to be delivered. This 
software includes a Disk Operating system, an excel- 
lent text editor, debugger, library manager and linking 
loader. The powerful macroassemblers included sup- 
port the AmZ8000 and the 8080, 8085, & Z80. Optionally, 
an 8048 macroassembler can be added. 


The AmSYS 8/8 features the use of Pascal along with 
extended Basic, Fortran IV and Cobol for high level 
language support. A Pascal program can be compiled 
to generate either Am9080 or AmZ8000 code. 


In-Circuit Emulation capability is available for both 8 
& 16 bit processors. This emulation support is optional 
for the AmZ8000, Z80, 8080, 8085, & 8048 micro- 
processors. 7 


The AmSYS 8/8 also has a number of peripherals that 


are optional to the system. These include double den- 
sity Floppy Disk Drives, 60, 120 CPS and 300 LPM Line 
Printers, CRT’s, and soon a cartridge disk drive. 


SYSTEM FEATURES 


Complete Turnkey Development System with 
Powerful Hardware including: 


O Microprocessor CPU 

O 64 kilobytes of read/write main memory 

O Serial interface RS232 compatible 

1 Two parallel Channels 

C) Power up Monitor 

O Dual Floppy Disk Drives with 512K bytes of storage 
capacity 

O Extra card slots for prototyping 

O Multi-master bus 


Powerful Software Including: 


O AMDOS Disk Operating System 

O Sophisticated Editor 

[1 Debugger 

CO Macroassemblers for AmZ8000, Z80, 8080, 8085 
CO) Translator to Z8000 


OD Linkers 


Powerfu! Options Including: 


O High level languages 
e Pascal 
e Extended Basic 
e Fortran 
® Cobol 
0) Line Printers 60 & 120 CPS & 300 LPM 
O CRT w/extra keypad 
1 PROM Programmer 
O Double Density Floppy Disk Drives 
O Expansion Chassis containing two additional Disk 
Drives 
0 Additional Serial |/O lines 
O In-Circuit Emulation for 
e AmZ8000 
e 8080, 8085 
e 8048, 8021, 8049, & 8035 


~ Additional Features that will be available in the near 
future include: 


D Expansion to 1 megabyte of main memory 


1 Upgrade to AmZ8000 CPU 

O Cartridge Disk 

O Additional High level languages 

1 Expansion chassis for more Main Memory 


System Hardware Features 


AmSYS8/8 


The AmSYS 8/8 features the use of a multiple master bus structure. This 
allows the system to use both 8 and 16 bit microprocessors. The SYS 8/8 
can be upgraded to include a 16 bit CPU board and appropriate software 
so that both microprocessors may operate simultaneously using the multi- 
master bus structure. This allows the system user maximum flexibility in 


the development of hardware & software. 


MAIN CPU MODULE 


The Central Processor (CPU) module uses an 8-bit 
Am9080 microprocessor. This module includes a ROM 
based auto bootstrap that first performs a diagnostic 
confidence check of the system and next loads the 
operating system from the system disk drives. The 
CPU module has multi-master capability allowing 
operation in a master/slave environment with other 8-bit 
CPU modules or the 16-bit CPU module. The CPU 
module also includes 4 high speed DMA channels 
and 8 vectored interrupt channels. An _ optional 
Am9511A/Am9512 Arithmetic Processing Unit can be 
added to provide high speed fixed and floating point 
computations and floating point transcendental func- 
tions to the system. A 1.2KHz crystal controlled Real 
Time Clock is also part of this module. 


MEMORY MODULE 


This memory module is organized as a 64 Kilobyte 
storage unit. This module is organized to provide either 
8 or 16-bit compatibility. It also contains internal 
memory refresh capability and is multimaster bus 
compatible. 


FLOPPY DISK MODULE 


This module features a controller with its own internal 
microprocessor and controls up to 4 single or double 
sided floppy disks. This controller has a 20-bit address 
and DMA capability allowing it to address up to 
1 megabyte of main memory. 


This module is IBM 3740 soft sector compatible. 
AmSYS 8/8 provides a capacity of 512K bytes of disk 
storage in the basic system. This storage capacity is 
contained on two floppy disk drives 
each with 256K bytes of storage. 
On board buffer memory 
allows high speed data transfer 
to the CPU module. 
Additional storage is available 

by the use of the optional : 
double density disk controller 
or by the addition of a double 
disk drive expansion chassis. 
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CHASSIS 


The AmSYS 8/8 is normally supplied as a desk top 
chassis. As an option, this chassis can be rack mounted 
with the addition of a slide mount kit. It contains seven 
card slots with three available for use with prototyping 
or additional 1/O PC. cards. This chassis is totally 
self contained with cooling and internal power supplies. 


The front of the chassis contains an illuminated off/on 
switch and also a system reset button. The rear of this. 
unit contains all !/O and power connections including 
fuses. 


The system includes as standard, one serial port and 
two parallel channels. The serial port is RS232 com- 
patible and allows the user to connect a variety of ter- 
minals to the system. The parallel channels can be 
used to connect high and low speed printers or other 
peripheral devices. Additional I/O ports can be added 
to the System by the use of plug in cards. 


The parallel channels each consist of 24 parallel I/O 
lines. These lines can be configured under software 
control as sets of input, output, or bidirectional I/O lines. 
Sockets are provided within the system to add drivers 
or terminators to each line. 


The Am96/4016 Evaluation Board can be plugged into 
one of the empty card cage slots to provide a 16 bit 
execution module within AmSYS 8/8. The board is 
powered by the system power supplies and uses the 
system floppy disks via the parallel up-load/down-load 
link to the CPU module. A second card cage slot can be 
used to upgrade the Evaluation Board RAM to 64k. i 










AmSYS8/8 


Development Software 


The AmSYS 8/8 combines a sophisticated set of hardware along with an even 
more powerful set of software to make the complex process of product 
development easier to handle for the user. This software includes an Editor, 
File Manager, Macroassemblers, disk operating system, and a number of high 


level languages. 


The software that comes standard with the AmSYS 8/8 is the AMDOS® Operating 
system, AmZ8000, 8080, 8085, and Z80 Macro Assemblers, a linking loader, a 
powerful Editor, debugger and Translator. Optional software includes an 8048 
Macroassembler, Pascal, Fortran, Basic, Cobol, and upload/download packages 
for execution of AmZ8000 code. The following describes the major software 


modules provided with or as options to the system. 


OPERATING SYSTEM 


AMDOS §8 is the disk operating system for the 
AmSYS 8/8 and provides rapid access to programs 
through a comprehensive file management structure. 
A file subsystem supports a named file structure 
allowing the dynamic allocation of file space as well 
as sequential and random file access. System calls are 
provided permitting files to be opened, closed, re- 
named, read, written onto disk, or searched for by 
name. The AMDOS 8 file system allows a large number 
of distinct programs to be stored in both source and 
machine executable forms. AMDOS 8 also provides 
the ability to access disk storage, Terminal, Printer, and 
support for PROM programming. 


LIBR is an object file library manager that permits the 
creation and listing of user libraries for the Am8080, 
Am8085, and Z80 microcomputers. Individual object- 
module files may be selectively processed to extract 
modules from existing libraries or relocatable object 
files to build libraries for later selective searching by 
the LINK linkage editor. 


EDIT is a line-oriented context editor providing the 
user the ability to create and modify ASCII source text 
for the AmSYS 8/8 compilers and assemblers. A power- 
ful set of user commands is available to simplify the task 
of generating line oriented or character oriented files. 


In the line oriented mode, numbers will automatically 
be added to new lines as they are appended to the file. 
Also, as lines are inserted or deleted within the text, 
these numbers are updated. The users position within 
the file can then be controlled by referring to the 
desired line number. The ALTER mode allows the user 
to insert, delete, and replace individual characters, 
strings in a line, or a range of lines in the source file. 
Searching for occurrences of characters or strings is 
also included along with substitution of characters or 
strings into the source text. 


DEBUG is designed to provide dynamic interactive 
testing and debugging of 8-bit programs generated in 
the AmSYS 8/8 system. This program consists of 
two parts: The debug nucleus and the assembler/dis- 
assembler module. These along with powerful user 
commands make debug avery valuable tool for de- 
bugging software programs. 


MACRO ASSEMBLERS 


Two macroassemblers come as part of the standard 
AmSYS 8/8. These are MACRO 8 supporting the 8080, 
8085, and Z80 microprocessors and MACRO 8000 for 
support of the AmZ8000 microprocessor. An optional 
macroassembler supports the 8048 family. 


MACRO 8 is a comprehensive macroassembler pro- 
viding the ability to assemble relocatable 8080/ 8085/ 
Z80 programs. These can be combined with object 
files produced by high-level language compilers (us- 
ing LINK) to form composite executable programs. 
In addition to comprehensive conditional assembly 
directives, hierarchical expression evaluation, defini- 
tion of alternate entry-points and external symbols, 
MACRO 8 provides a companion cross-reference facil- 
ity (CREF8) which lists the assembler output with 
line numbers.An alphabetic variable-name directory 
is also provided and includes line number references 
for each occurrence of the variable name. 


MACRO 8000 is a powerful macroassembler providing 
the ability to assemble relocatable AmZ8000 programs. 
This assembler includes sophisticated features like 
segmentation, block-structured program organization, 
algorithmic assignment statements, IF-THEN-ELSE 
conditional assembly, and execution provisions as well 
as recursive macro calls. 


LINK 8 & LINK 8000 are linkage editors used to com- 
bine the relocatable module ready for loading as a 
program. Link 8 supports the editing of 8 bit segments. 
The linkers process a series of interactive subcom- 
mands that specify files to be linked, files to be searched 
for satisfaction of unresolved external references, and 
specific directives which allow a memory map to be 
printed or direct execution to be initiated. 


TRANZ 8000 is an AmZ8000 translator program 
accepting standard 8080, 8085, and Z80 source code 
as input and provides standard AmZ8000 source code 
as output, aiding the user in conversion of existing 8-bit 
programs to the AmZ8000 environment. 











HIGH LEVEL LANGUAGES 


PASCAL is a new, up-to-date, language developed for 
users who are seeking new features to solve today’s 
problems. PASCAL incorporates new features like the 
concept of variable data types: bits, bytes, words, 
records, sets, scalars ... and others that are appropriate 
to the solution of complex problems. The block struc- 
tured nature of the language permits the user to create 
software in a structured environment resulting in a 
lower development costs, more concise documentation 
and lower maintenance costs. 


The AMC PASCAL is upwards compatible with Jensen 
and Wirth PASCAL. Extensions provided include: 
interactive files Comparison of arrays 
Untyped files Comparison of records 
Random access of files Text intrinsics 
Strings intrinsics 
The Pascal user can compile a Pascal program and 
then execute the program on AmSYS 8/8 with the 
Pascal interpreter and run-time library. The output of 
this compiler is a special code called P-code and is 
compatible with the well-known UCSD P-code. The 
Pascal interpreter executes the P-code instructions 
when running the Pascal program. The run-time library 
routines are used as needed in Pascal program 
execution. 


The Pascal user can compile a Pascal program and 
then generate either 8080, or AmZ8000 code. For 8080 
code generation, an 8080 macro library, the MACRO 8 
8-bit assembler, and the linker LINK 8 are automatically 
used. For AmZ8000 code generation, the AmZ8000 
macro library, MACRO8000 16-bit assembler, and the 
linker LINK 8000 are used automatically. 
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~ for scientific programming and is the “native” language 
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of many professional programmers. AMC supports 
FORTRAN with a compiler conforming to the ANSI 
1966 specification for the 8080 microprocessor in 
the AmSYS 8/8 system. 


Full conformance to the ANSI standard insures that 
accumulated libraries of FORTRAN programs will be 
immediately usable in the AmSYS 8/8 environment. | 
AMC FORTRAN opens the door to the richest traditions 
of scientific programming in a small, inexpensive 
environment. 


BASIC is one of the most comprehensive 8-bit BASIC 

language software programs available today. it. con- 

tains many unique features not found in other imple- 

mentations, like: 

Direct access to the CPU I/O Ports 

. Full Print Using Capability 

Trace facilities 

. Four variable types — Integer, String, Single (7 
digits) and Double (16 digits) precision floating 
point. 

These are only a few of the features available in AMC’s 

BASIC. It also has one of the largest sets of statements 

making it a very powerful language available to the 

AmSYS 8/8 user. 


COBOL has been developed in strict accordance to 
ANSI ‘74 standards for support of the 8080 within 
the AmSYS System. At the root of the language is a 
full ANSI ’74 Level 1 COBOL. Beyond that, many 
Level 2 features have been incorporated to make. 
AMC’s COBOL more powerful in every instance where 
the fundamental speed and size of the package is 
extremely important. In addition to this, special dis- 
play-oriented features (ACCEPT, DISPLAY, etc.) have 
been added to the language in anticipation of a strong 
emphasis on interactive data entry applications in the 
microcomputer environment. A powerful interactive 
debug structure has also been added to greatly 
decrease program development time. 
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In-Circuit Emulation 


The AmSYS 8/8 Development System provides optional In-Circuit Em- 
ulation capability to support a wide range of microprocessors including 
the AmZ8000, 8080, 8085, Z80, and 8048. The AmSYS series of emulators 
contain many unique features to assist the designer in the debugging of 
hardware and software. There are two types of emulators in the AmSYS 
8/8 Development System Series. These are: 
(1) AmSYS 8/8800 In-Circuit Emulator series for 8-bit microprocessors — 
including individual emulators for the 8080, 8085, Z80, and 8048. 
(2) AmSYS 8/8050 In-Circuit Emulator for the AmZ8001 and 8002 mi- 
croprocessors. : 
These in-circuit emulators come as complete subsystems and are con- 
nected to the AmSYS 8/8 by a high speed serial I/O interface. Each emu- 
lator provides its own internal memory storage to give the user real time 











emulation. 


AmSYS 8/8050 16 BIT IN-CIRCUIT 


EMULATION SUBSYSTEM 

The AmSYS RTE 8/8050 Emulator has been designed 
especially to support the AmZ8000 microprocessor. 
This subsystem provides real time emulation for both 
the AmZ8001 segmented and AmZ8002 non-segmen- 
ted versions. 


The AmSYS RTE 8/8050 Emulator has a number of 
key features including TRACE, 8 trigger points, mem- 
ory mapping of internal high speed static RAM, and 
medium speed dynamic RAM providing real time 
emulation in the user’s target system. The AmSYS 
RTE 8/8050 Emulator has two modes of operation: 

1) Interrogation — this mode allows the user to 
access AmZ8000 resources, registers, I/O ports, 
and target RAM. 

2) Emulation — this mode allows the designer the 
choice of an internal or user designated clock for 
software execution or emulation in his target 
system 


RTE 8/8050 provides two types of memory for the 
user. One type is high speed static memory providing 
the user with real time emulation at up to 4 MHz for 
the AmZ8000 with no wait states.It is available in 4K 
or 8K bytes. The second type is medium speed dyna- 
mic RAM available in 64K or 128K byte increments 
with one wait state at 4 MHz and is expandable up to 
192K bytes. 


RTE 8/8050 allows for memory mapping on 1K byte 
boundaries within the AmZ8000 8M byte address 
space . 


There are up to 8 trigger points available to the user 
that can be used as breakpoints, enabling patching 
trace qualifiers or allowing selective trace after the 
breakpoint is encountered. Two compound break- 
points are also permitted. These allow breakpoints on 
a value within or outside a specified range, i.e., ad- 
dress, data, address and data, I/O address, I/O data, 
1/O, address and data. 


Trace is an integral part of the system. This feature 
provides for two basic modes of operation. These are: 
Micro Trace — this saves Address/Data bus and 
status together with 8 or 16 user des- 
ignated probes every machine cycle. 
Macro Trace — this saves Address bus and status 
during T1 displaying address bus in 
HEX format and status in binary 
and symbolically decoded form. Al- 
so saved is Data Bus during T3 in 

disassembled form with operand 

values in HEX format. | 


The Micro or Macro trace can be enabled only for 
selected cycles by use of a trigger point match. A user 
option is available to tag each traced event with a 16 
bit number for counting the number of machine states 
since the counter was enabled. A unique feature of the 
RTE 8/8050 is the PATCH allowing patching of ROM/ 
RAM code while running in user memory. Up to 
4 patches are allowed with up to 16 locations each 
providing a substantial improvement over conven- 
tional patching techniques that require subroutines. 











The trace RAM buffer is 256 words deep and 48 bits 
wide and is expandable to 1024 words. This unit has 
the ability to time stamp each entry in the trace buffer. 


The RTE 8/8050 Emulation Subsystem is provided as 
a stand-alone unit with integral power supplies,emula- 
tor module, trace module and seria! !/O port. Pro- 
grams prepared on the AmSYS 8/8 development sys- 
tem are down-line loaded to the emulator subsystem 
under the control of the emulator control processor, 
which services and issues all emulator commands. 
RTE 8/8050 Emulator commands and results can be 
displayed via the AmSYS 8/8 Development System 
CRT or via a separate CRT console plugged into the 
RTE 8/8050 Subsystem. (This configuration leaves the 
AmSYS 8/8 Development System free to perform soft- 
ware development, i.e., assembly, editing, etc.) The 
RTE 8/8050 Emulator has been designed to give the 
designer maximum support in system debugging. 
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AmSYS 8/8800 8-BIT IN-CIRCUIT 


EMULATION SUBSYSTEM 

The RTE 8/8800 in-circuit emulator is designed to 
allow replacement of the target microprocesser during 
the debugging and prototyping phase. It provides the 
user with real time emulation of each designated mi- 
croprocessor together with sophisticated debug tools 


for hardware/software integration resulting in a reduc- 


tion of overall development time. 


AmSYS RTE 8/8800 provides versatile emulation cap- 
abilities for the 8080, 8085, Z80A, or 8048 depending 
upon the personalily module being used. It also nas 
the capability to examine and alter registers, memory, 
and I/O ports. The emulator utilizes the users system 
clock, thus eliminating potential timing problems 
caused by separate clocks. 


There are up to 8K bytes of high speed Static RAM 
Emulator memory for mapping on 1K byte boundaries 


in the target system, thereby utilizing known memory 


into the target system. This unit has a real time trace 
for storing the last 128 bus operations as well as the 8 
external probes. During selected emulator operations, 
16 address lines, 8 data lines, and the clock signal are 
stored during emulator operation. Disassemblers for 
each supported microprocessor are provided together 
with host software for the AmSYS 8/8 Development 
System. 





The AmSYS RTE 8/8800 in-circuit emulator consists 
of a basic sub-system containing a trace module, 
emulator module, serial communications module and 
8K bytes of high speed static RAM. The connection to 
the AmSYS 8/8 Development System is via a serial I/O 
port. Each microprocessor personality module is sup- 
plied with its own emulator pod attached to a cable 
terminating in a 40-pin connector to provide the inter- 
face to the target system. Host software operating on 
AmSYS 8/8 provides interrogation mapping and a 
command structure for the RTE 8/8800 in-circuit emu- 
lators. 
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The AmSYS 8/8 is Easy to Adapt 


The AmSYS 8/8 is designed to allow easy addition or reconfiguration into a 
more powerful system. These optional additions and configurations allow ex- 
ecution and debug of AmZ8000 programs, the addition of Double Density 
Floppy Disks, Hard memory expansion, and reconfiguration as an AmZ8000 


based development system. 


"OPTIONAL 








AmZ8000 EXECUTION AND DEBUG 


(8/8610 and 8620) 


The 8/8610 up-load/down-load package provides an 
ideal breadboarding, software execution, and debug 
tool when used with the AmSYS 8/8 development 
system. It features the AMC 96/4016 AmZ8000 Evalu- 
ation Board. AmZ8000 programs generated on AmMSYS 
8/8 can be down-loaded into or up-loaded from RAM 
on the Evaluation board where the resident monitor 
allows execution and debugging to take place under 
the control of the AmSYS 8/8 console. This Evaluation 
board provides the user with 8K byte RAM. The 8/8610 
can be upgraded to the 8/8620 package with the addi- 
tion of the 64k RAM board and the AmZ bus mother- 
board. This expands the RAM storage of the Evalua- 
tion Board to 64k. The connection between the RAM 
board and the Evaluation Board is via the AmZ ad- 
dress and data bus. These options are conveniently 
packaged as options to AmSYS 8/8. 


MULTI-MASTER 
SYSTEM BUS 


ADDITIONAL FLOPPY DISK DRIVES 
The Floppy Disk controller contained within the 
AmSYS S 8/8 has the capability of addressing up to 
four (4) Floppy Disk drives. The addition of the op- 
tional 8/8510 Floppy Disk chassis gives the user two 
(2) additional Floppy Disk drives. 


DUAL DENSITY FLOPPY 


DISK EXPANSION 


AmSYS 8/8 can be configured to accept Dual Density 
Floppy Disk capability. This will give the user Floppy 
Disk storage capacity of up to 1024K bytes within the 
AmSYS 8/8. This expansion can be accomplished as 
a field upgrade. 
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HARD DISK 

AmSYS 8/8 is designed for the addition of a Hard Disk 
with bulk storage of up to 24 megabytes. This Hard 
Disk option will be available in the near future to be 
added to the present 8 bit operating system and also 
as part of an upgrade to the AmZ8000 based devel- 
opment system. 


This Hard Disk option will give the user access to 
larger amounts of bulk storage and also increases his 
system throughput. 
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AmZ8000 EVALUATION BOARD 

For evaluation of the AmZ8000, the 96/4016 provides a 
standalone monoboard computer. The 4016 has 8k 
bytes of dynamic RAM, 2 serial RS-232 ports, 24 
parallel I/O lines, and 3-16 bit counters. A 4k byte 
monitor program provides debug capability and an 
interface to the optional 8k line by-line assembler. The 
monitor also provides the drivers necessary to up-load 
or down-load files through the parallel or serial inter- 
face. The 96/4016 is SBC form factor compatible and 
can plug into AMSYS 8/8 to get its power from the P1 
connector. The memory and |/0 on the board can be 
expanded through the AmZ bus on the P2 connector. 





AmZ8000 UPGRADE 

The AmSYS 8/8 multimaster bus provides an 8/16 bit 
data bus with 20 address lines. The peripheral con- 
trollers and memory boards all have 8/16 bit com- 
patibility and allow the reconfiguration of the AmSYS 
8/8 into a powerful AmZ8000 based development 
system. The Am9080 board is replaced by the AmZ8000 
CPU board, allowing up to 1M byte addressing capa- 
bility. The addition of AMC’s multitasking foreground 
background system, together with additional 64K or 
128K byte RAM memory modules and AmZ8000 soft- 
ware development programs provide the user with 
a powerful 16-bit system with greatly increased utility 
and performance. 
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SPECIFICATIONS 


CPU 
Am9080 Upgradable to AmZ8000 (see sections 
entitled “Options”) 

Memory 
64K bytes standard 


Disk Storage 


512K bytes (2 Single Density Floppy disks, 256K 
bytes each) (Dual Density is optional) (see section 
entitled “Optional Upgrades”) 


I/O Channels 


1 serial port RS232 compatible 
2 parallel I/O channels consisting of three 8-bit 
ports each 


Interrupt 
8 fully programmable vectored channels 


AC Power Requirement 
60 Hz, 115 VAC std. 
100, 120, 220, 240 VAC optional 
50/60 Hz Optional 


Environmental Requirements 
Operating Temperature: 10°C to +40°C 
Humidity: 10% - 90% relative (non- 
condensing) 


Physical Characteristics 


Dimensions: 24” deep, 17” wide, 11” high 
Weight: 60 Ibs. 
User Panel: Contains: a) on/off switch, power 
indicator 
b) system reset 
Chassis: Desk top stds., rack mountable 
(optional) 
Baud Rates 
Selectable 50-9600 Baud 
Cooling 


Internal fans 


Standard System Includes the Following: 
Am9080 CPU 
64K Bytes RAM 
512K Bytes Disk storage (2 single sided floppy disks) 
1 RS232 serial port 
6 8-bit parallel ports 
1 Chassis consisting of 7 Card slots 
AmZ8000 Macroassembler 
Am2Z8000 Translator 
8080, 8085, and Z80 Macroassemblers 
Linker 
Editor 
Debugger 
AMDOS 8 Disk Operating System 
1 set System Documentation 
2 Diskettes 
Multi-master Bus 


Optional Items 


Universal Prototyping Board 

High-Speed Extender Board 

Additional Serial and Parallel 1/O Ports 
Expansion Chassis with 2 floppy disk drives 
CRT Terminal 

Line Printers 60 CPS, 120 CPS, and 300 LPM 
FORTRAN (8 bit) 

Extended BASIC (8 bit) 

PASCAL (8 bit and 16 bit) 

COBOL (8 bit) 

9511/9512 Arithmetic Processing Unit 

8048, 8049, 8021 Macroassembler 

8048, 8049, 8021 In-Circuit Emulation/ TRACE 
8080 In-Circuit Emulation/TRACE 

8085 In-Circuit Emulation/TRACE 

Z80 In-Circuit Emulation/TRACE 


Options and Upgrades 


(not available with initial shipments—contact your 
AMD salesman for delivery information) 

Z8000 In-Circuit Emulation/TRACE 

Double Density Floppy Disk Drives 

Expansion to 1 megabyte of Main Memory 
AmZ8000 Microcomputer Board Upgrades 
Cartridge Disk with Capabilities of 12 or 24 Megabytes 
High Level 16-bit languages 

Additional Expansion chassis 
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AmSYS 8/8 Ordering Information 


8/8010 Standard AmSYS 8/8 Development System 117V,.60 Hz 





























8/8012 Standard AmSYS 8/8 Development System 117V, 60 Hz 
Double Density Floppy Disks 

8/8020 Standard AmSYS 8/8 Development System 220V, 50 Hz 

8/8022 Standard AmSYS 8/8 Development System 220V, 50 Hz 
Double Density Floppy Disks 

8/8030 Standard AmSYS 8/8 Development System 100V, 50 Hz 

8/8032 Standard AmSYS 8/8 Development System 100V, 50 Hz 
Double Density Disks 

8/3310 Serial 1/O Board (4 Ports) 

8/5032 ROM/EPROM Board I/O Board 

8/6410 Univ. Prototyping Board 

8/6420 High Speed Extender Board 

8/8210 CRT with extra key pad 

8/8310 Line Printer 120 CPS 

8/8340 Line Printer 300 LPM 

8/8410 Fortran 8 

8/8420 Basic 8 

8/8430 Cobol 8 

8/8440 Pascal compiler (with code generators) 

8/8610 Up/Down Load Execution Package w/8K bytes 

8/8620 Up/Down Load Execution Package w/64K bytes 

8/8800 In-Circuit Emulator Subsystem 

8/8880 8080 In-Circuit Emulator POD 

8/8885 8085 In-Circuit Emulator POD 

8/8888 Z80 In-Circuit Emulator POD 

8/8848 8048 In-Circuit Emulator POD 

8/8050 Z8000 In-Circuit Emulator Subsystem 

8/8250 Diskette Package of 10 


8/8510 





Optional Floppy Disk Chassis (adds add’! two Floppy Disk drives to system) 
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NOW! Evaluate the features of the AmZ8000 ... 
develop software ... execute programs with 


THE AMC 96/4016 
EVALUATION BOARD. 


The new generation of microprocessors is here. Now 
you can evaluate the AmZ8000 with the system- 
oriented AMC 96/4016 Evaluation Board that makes 
it easy to utilize the latest microcomputer technology. 
The AMC 96/4016 Evaluation Board puts a versatile 
and intelligent tool in the hands of engineers, designers 
and programmers allowing them to explore the excep- 
tional capabilities of the AmZ8000. The AMC 96/4016 
integrates powerful hardware and extensive software 
resources on an assembled and tested printed-circuit 
board that allows the evaluation of the AmZ8000 by the 
addition of a power supply and I/O device. Power can 
be provided by plugging the board into an SBC 80 type 
card cage, AMC’s development system, or with a lab 
supply. Two ports are provided to interface to a CRT ter- 
minal or to the 96/4016-KBD keyboard/display board. 





Some of the features of the AMC 96/4016 Evaluation 
Board are: 


& 
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Fully assembled and tested computer board 
Am2Z8002 Microprocessor — 4MHz operation 
8K bytes (4K words) of RAM memory 

Sockets for up to 12K bytes of PROM/EPROM 
PROM-based monitor with debugging capability 
Two serial ports with programmable baud rates 
24-line parallel port (three byte-wide ports) 
Three interval timers 

Optional PROM-based ASCII Assembler 
Interfaces for direct I/O to a CRT terminal or the 
96/4016-KBD keyboard/display board 

SBC 80 physical size 

Can be used as an execution vehicle with the 
AmSYS 8/8 Development System 

Provides up-load/down-load capability with the 
AmSYS 8/8 Development System 


The AmZ8000 architecture — in terms of CPU re- 
sources, instruction set, system interface and 
software-oriented features — represents a major ad- 
vance in microprocessor sophistication and system- 
level performance. It is efficient enough to service sim- 
ple tasks effectively, yet can easily handle complex, 
high-performance applications as well. 


The AmZ8000 architecture and partitioning is well 
suited for loday’s technology and ior a very wide range 
of today’s applications. It is also a significant departure 
from the constraints of past architectures, and estab- 
lishes a clean attractive and nearly open-ended base 
for evolution and development. 


The AMC 96/4016 Board makes use of these features 
and assists software and system engineers in evaluat- 
ing these features of the AmZ8000 for existing and 
future needs. Moreover, with the cleaner architecture 
of this new-generation microprocessor, the Evaluation 
_Board can help hardware and software professionals 
develop better interface circuits and programs. 


ABUNDANT CPU RESOURCES 


The AmZ8000 offers sixteen 16-bit general-purpose 
registers in addition to special system registers. All 16 
registers may be used as accumulators and all but one 
can serve as index registers. The first eight of these 
16-bit registers may be used as sixteen 8-bit byte reg- 
isters if needed. The AmZ8000 also supports seven 
main data types; bits, BCD digits, bytes, words (16 
bits), long words (32 bits), byte strings and word 
strings. Additionally, many other data elements such as 
memory addresses, I/O addresses, segment table en- 
tries and program status words are also provided. 


The AMC 96/4016 gives the user access to the 
AmZ8000 and the ability to reduce programming over- 
head and shorten product and project development 
time. Hands-on experience with the Evaluation Board 
can help demonstrate the effectiveness of the 
AmZ8000 to provide fewer program modifications and 
less debug time. 


Compared to other microprocessors or even 16-bit 
minicomputers, the number and power of individual in- 
structions have greatly increased. Over 110 distinct in- 
Struction types are available with the AmZ8000, com- 
pared to approximately 60 for the PDP 11/45. With few 
exceptions, byte, word and long-word data elements 
can be processed by all'the instructions. Each instruc- 
tion — again with few exceptions — can use any of the 
five main addressing modes. 


system designers, and especially programmers, will 
find the AMC 96/4016 Board useful in evaluating the 
AmZ8000’s instruction set and its ability to generate 
higher code densities that can result in significant 
memory savings and shorter execution times. 
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HIGHER THROUGHPUT COMPILERS 


Many applications normally invoive high-level lan- 
guages, operating systems and data-base manage- 
ment. The AmZ8000, with proven N-channel MOS 
technology and a 4MHz clock, allows the use of lower- 
cost dynamic RAMs. The AmZ8000 overlaps. instruc- 
tion execution with next instruction fetch to avoid the 
problems associated with deep unconditional pre- 
fetching. | 
The AmZ8000 can achieve this high degreee of per- 
formance because its regular architecture does not 
have critical bottlenecks and because the sophisticated 
instruction set substantially reduces the number of in- 
structions. Some examples of this sophistication are: 


a. 32-bit operations (including multiply and divide in 
single instructions) 

. String manipulation, including compare & translate 

. Block I/O instructions 

. Direct addressing of the entire memory © 

. Two operating modes (systems/normal or 
supervisor/user) . 

f. Powerful interrupt handling on 


The AMC 96/4016 Evaluation Board makes effective 
use of these features so designers and managers can 
interpret these appealing features in specific terms and 
assess the capability for improved systems that can be 
designed quicker, easier and with more efficient results. 


The AmZ8000 is designed to span a wide variety of 
applications. It’s features allow it to be used effectively 
in complex high-throughput systems, yet it remains ef- 
ficient for simpler systems as well. 
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96/4016 
EVALUATION 
BOARD 


95/6440 
CARD CAGE 


KEYBOARD/ 
DISPLAY UNIT 





Photo showing use of the AMC 95/6440 Card Cage to 
house and power the 96/4016 Evaluation Board. Op- 
tional Keyboard/Display Unit shown.above (or standard 
CRT Terminal) attaches via cable to edge-card con- 
nector. This arrangement provides both convenience 
and expansion capabilities for specific project and 
product development. 


Am96/4016 





THE AmZ8000 EVALUATION 





BOARD NOW FOR BEST RESULTS 
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24 LINE PARALLEL I/O 
ALSO PROVIDES 
COMMUNICATION 

LINK WITH SYSTEM 8/8 
DEVELOPMENT SYSTEM 


PROGRAMMABLE 
INTERVAL 

TIMER 

(3 COUNTERS) 


4MHz AmZ8000 


8K BYTES 


RAM 


ROM MONITOR 





SOCKETS (8K BYTES) 
FOR OPTIONAL ASSEMBLER 





56-KEY KEYBOARD 
AND 20 CHARACTER ALPHA- 
NUMERIC DISPLAY 





OPTIONAL COMMAND CONSOLE 
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STD. RS-232 
CRT TERMINAL 


RS-232 ADDITIONAL 
SERIAL 1/O RS-232/TTY 
PORT SERIAL I/O PORT 








Am96/4016 
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.. and many ways to use it 


AS A STANDALONE MICROCOMPUTER 


The 96/4016 Evaluation Board, along with available 
options, has the capability of standalone operation. 
On-board resources, including RAM, I/O interfaces, 
monitor and interval timer, allow it to serve as a self- 
contained single-board computer. A terminal or op- 
tional keyboard/display can be attached as a command 
console. Communications to peripherals and other 
equipment can be achieved through the 1/O ports. 


EXECUTION DEVICE WITH CROSS-ASSEMBLERS 


Many users will want to evaluate the AmZ8000 execu- 
tion speed and throughput performance with respect to 
existing programs and system designs. The AMC 96/ 
4016 is designed to serve as a vehicle to execute 
AmZ8000 machine codes that may have originated 
from development systems and cross assemblers. !/O 
ports on the Evaluation Board provide the necessary. 
parallel and serial interfaces. AmZ8000 CPU signals 
are brought out to an edge connector which allows the 
needed connection for other circultry. 


UP-LOAD/DOWN-LOAD CAPABILITY 


The AMC 96/4016 Evaluation Board features both 
up-load and down-load capability when used as an 
execution vehicle with other computer systems, such 
as the AmSYS 8/8. Programs generated in a develop- 
ment system can be down-loaded to the RAM on the 
Evaluation Board. Similarly, programs in the board’s 
RAM memory can be up-loaded to the system for 
further development and for disk storage. 


The Evaluation Board is hardware and software com- 
patible with Advanced Micro Computer's AmSYS 8/8 
Development System. It can plug directly into the 
AmSYS 8/8 as an execution vehicle to run developed 
AmZ8000 code. The on-board ROM monitor provides 
SAVE and LOAD commands that control bidirectional 
data flow between the RAM on the Evaluation Board 
and disk files on the Development System. 


The AMC AmSYS 8/8 Development System contains 
a comprehensive set of hardware and software re- 
sources to fully utilize AmZ8000 capabilities. The sys- 


_tem contains dual floppy-disk drives, 64K bytes of 


RAM, serial and parallel! ports, hardware computation 
and an SBC 80 Multi-Master bus. Existing program- 
ming support includes an operating system with linking 
loader, editor and debugger and, of particular interest, 
an AmZ8000 macroassembler, 8080 macroassembler 
and AmZ8000 translator. High-level languages, in- 
cluding PASCAL, are available. See the AmMSYS 8/8 
brochure for more details or contact one of the sales 
Offices listed on the rear of this brochure. 


AMC’s PASCAL 
Compiler 











Features 

(] The Compiler Runs in the AMSYS 8/8 or the CL] Block Structured High Leve! Language that Supports 
AmSYS 29 Microcomputer Development Systems Structured Design and Programming 
Environments (1 Many Extensions such as Separate Compilation, 

L] Object Program may be one of the Following: Strings, etc. 


— P-code (Executed by an Interpreter) 
— Am9080 Machine Code 
— AmZ8000 Machine Code 
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PASCAL 


The AMC PASCAL compiler gives the AmSYS 8/8 user a 
powerful language for software development. The 
PASCAL language offers structured design capabilities to 
the user. The AMC PASCAL user can work with data of 
varying types and can manipulate sets, arrays, records 
and files with great flexibility. A large number of intrinsic 
functions and procedures are available to the user. In 
general, PASCAL provides powerful language constructs 
that are combined with an efficient block structure to pro- 
duce PASCAL programs. 


PASCAL is fast becoming a widely used language on 
microcomputers. The PASCAL language itself is an Algol 
derivative invented by Niklaus Wirth. AMC PASCAL is a 
PASCAL implementation with additional features that ex- 
tend the capabilities for a broad range of software 
development. 


Producing an AMC PASCAL program is a two-step pro- 
cess. First the source program is converted (compiled) into 
an intermediate pseudo code (P-code). At this point, the 
user has the following choice: to execute the P-code in- 
terpretively on AmSYS 8/8, or to generate native machine 
code for the 8080 or AmZ8000 microprocessor (see 
Figure 1). 


Interpretive Execution 


The AMC PASCAL user can compile a PASCAL program 
and then execute the compiled program on AmSYS 8/8 
with the PASCAL interpreter and run-time library. The 
AMC P-code is compatible with Version 1.4 of the P-code 
developed at the University of California at San Diego. In 
this mode of execution, the interpreter in fact simulates in 
AmSYS 8/8 the run time environment of a P-machine 
which is the host hardware to which P-code is native. Arun 
time library supports the interpreter in executing built-in 
functions or procedures (intrinsics) or system defined 
operators (see Figure 2). 


Code Generation 


Alternatively, the P-code generated by the compiler may 
be converted into object code for the 8080 or AmZ8000 
microprocessors. The code generation process involved is 
as follows (see Figure 3). First the P-code file is translated 
to produce an assembly language file which can then be 
assembled by MACRO8 for the 8080 or MACRO8000 for 
AmZ8000 to produce a relocatable object module. This 
module contains only the user written part of the PASCAL 
program; all the intrinsic operators and functions are as yet 
undefined external subroutines at this point. These sub- 
routines have been prewritten and preassembled, and are 
contained in a library file. The runtime routines in this 
library are then selectively combined with the user object 
module through a linker, generating an executable object 
code file. 


Data Types 


PASCAL is very specific about the “type” of a variable. The 
type defines precisely the set of values a variable may 
assume (its domain), which in turn indirectly determines 
the set of operators that may act upon it. In addition to the 
predefined standard types, the user may create his own 
types of data. A variable may also be either static or 
dynamic, defining storage requirement at compile time or 
run time respectively. With such rich data typing and data 
structuring facilities, the programming job becomes much 
easier for the user. 


Integer — A 16-bit number, —32768 < n < 32767 
Real — A 32-bit floating point number, 107 °8<n<10%8 
Boolean — True or false 


Character — Alphabets, digits, blank and some 
special characters 


e Scalar — Domain is user program defined; this allows 
great flexibility in creating new data types and 
provides a means for a more explanatory statement 
of the problem 


@ Subrange — A proper subset of a previously defined 
type; increases program clarity by being very specific 
about the intended domain of variable 

@ Set — Acollection of components of the same type; 
components in a set are also ordered 


e@ Array — A fixed number of components arranged in 
consecutive order either linearly or as a 
multidimensional matrix; any arbitrary element may 
be randomly accessed directly 


e File — A structure consisting of components which 
may be accessed sequentially 


e@ String — A linear array of characters 


e Record — A structure consisting of a fixed number of 
unordered components which need not be of the 
same type 


e Pointer — A dynamic structure bounded only to a 
type at compile time and remains otherwise free until 
binding to a specific variable occurs at runtime when 
memory space is allocated; very useful in creating 
and processing data structures like linked lists and 
trees 


Functions and Procedures 


A function is a “subroutine” that returns a single value. 
Syntactically, a function call may appear anywhere in place 
of a variable within an expression. Its effect as a con- 
stituent of an expression amounts to the result value that it 
yields. A procedure, however, is a “subroutine” that may 
indirectly return more than asingle value. Syntactically, itis 
a stand alone statement. Some common properties of both 
are given below: 


— May be recursive, very useful in system programming 


— Parameters may be passed by “value”; a parameter, 
possibly an expression, is evaluated at call time to a 
value which is bounded to the formal parameter at that 
time and remains unchanged 


~ Parameters may also be passed by “variable”; at call 
time, the formal parameter is bounded only to a variable, 
whose value does not necessarily remain constant 
throughout the function or procedure 


Dynamic Memory Allocation 


Being a block structured language, scopes of variables are 
limited to procedures or functions within which they are 
declared, and have no significance externally. As long asa 
procedure or function has not been activated, variables 
local to it need not exist. The P-code has been designed to 
take advantage of this fact. Memory spaces for variables 
are allocated on top of stack only upon a function or proce- 
dure entry, and relinquished automatically upon exit. Ex- 
pression evaluation is also performed on this stack. 


PASCAL 
SOURCE 
PROGRAM 


PASCAL 
COMPILER 
P-CODE 
INSTRUCTIONS 


Am8080 
CODE 
GENERATION 


INTERPRETIVE 
EXECUTION 


AmzZ8000 
CODE 
GENERATION 


FIGURE 1. The Compilation Process. 


TRANSLATE P-CODE 
TO ASSEMBLY LANGUAGE 
] 


ASSEMBLY 
LANGUAGE 
FILE 


ASSEMBLER 
(MACROS OR MACRO8000) 


RELOCATABLE 
OBJECT MOOULE 


PASCAL LIBRARY 


(RUN-TIME ROUTINES) LINKER 


EXECUTABLE 
OBJECT CODE 
({Am8080 or AmZ8000) 


FIGURE 3. Code Generation. 


Therefore the total memory space required for data stor- 
age dynamically expands and contracts at run time coin- 
ciding with function or procedure entries and exists, taking 
up memory space only as needed. This allows execution of 
much larger programs than would otherwise be possible. 


It is also possible to dynamically create, at run-time, data 
structures such as lists and trees whose storage space 


sizes vary throughout their lifetimes. In order to avoid con- 


flict, memory allocation for this purpose is at the opposite 
end of memory (heap) for optimum memory utilization. 
Intrinsics are provided within the language for user control 
(MARK and RELEASE) of the heap. 
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PASCAL 


P-CODE 
INSTRUCTIONS 


HYPOTHETICAL P-MACHINE 
(PSEUDO MACHINE) 
ENVIRONMENT AS 
SIMULATED BY 


P-CODE 
INTERPRETER 


FIGURE 2. Interpretive Execution. 


TEMPORARY STACK 


LOCAL DATA 


PROGRAM AREA 
(STATIC) 


FIGURE 4. Dynamic Memory Allocation. 





AMC PASCAL Operators and Intrinsics 


A summary of operators that may be used in an expression . 
is shown in Figure 5. An intrinsic is a system defined 
function or procedure. A PASCAL intrinsic function is a 
function in the mathematical sense; its net effect is the 
result value yielded without any other side effects. A sum- 
mary of intrinsic functions is shown in Figure 6. An intrinsic 
procedure produces either return values through variable 
parameters, or its purpose may be to produce some side 
effects, or it may be a combination of both. A summary of 
intrinsic procedures is shown in Figure 7. 





PASCAL 


Operator 


Definition: 


Arithmetic: 


+ (unary) 
— (unary) 


/ 
DIV 
MOD 


Relational: 


<> 
<= 
> 
<= 
<= 
>= 
= 
IN 


Logical: 
NOT 
OR 
AND 


Set: 


Operation 
assignment 


identity 

sign conversion 
addition 
subtraction 
multiplication 
REAL division 
INTEGER division 
modulus 


equality 
inequality 

less than 
greater than 
less or equal 
set inclusion 
greater or equal 
set inclusion 
set membership 


negation 
disjunction 
conjunction 


union 
set difference 
intersection 


Type of Operands 


any type but files 


INTEGER or REAL 
INTEGER or REAL 
INTEGER or REAL 
INTEGER or REAL 
INTEGER or REAL 
INTEGER or REAL 
INTEGER 

INTEGER 


scalar or string 

set or pointer 
scalar or string 
scalar or string 
scalar or string 

set 

scalar or string 

set 

scalar and set type 


BOOLEAN 
BOOLEAN 
BOOLEAN 


any set of type T 
any set of type T 
any set of type T 


Result Type 
as appropriate 


same as operand 
same as operand 
INTEGER or REAL 
INTEGER or REAL 
INTEGER or REAL 
REAL 

INTEGER 
INTEGER 


BOOLEAN 
BOOLEAN 
BOOLEAN 
BOOLEAN 
BOOLEAN 
BOOLEAN 
BOOLEAN 
BOOLEAN 
BOOLEAN 


BOOLEAN 
BOOLEAN 
BOOLEAN 


FIGURE 5. Summary of Operations. 


String: 
LENGTH SCAN 
POS SIZE OF 
CONCAT 
COPY 


Character Array: 


Input/Output: 
EOF 


EOLN 
lIORESULT 


Mathematical: 


ABS 

SQR 

SQRT 

SIN 

COS 
ARCTAN 
EXP 

LN 
PWROFTEN 


FIGURE 6. Summary of Intrinsic Functions. 


String: 


DELETE 
INSERT 


MOVELEFT 
MOVERIGHT 


Character Array: 


Input/Output: 


RESET 
REWRITE 
UNITREAD 
UNITWRITE 
BLOCKREAD 
BLOCKWRITE 
CLOSE 

GET 

PUT 

READ 
READLN 
WRITE 
WRITELN 
PAGE 

SEEK 


Dynamic Memory 
Allocation: 
NEW 
MARK 
RELEASE 


FIGURE 7. Summary of Intrinsic Procedures. 
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PASCAL 


Compiler Options INCLUDE — Different source files can be included during 
h ilati 

AMC PASCAL provides a number of compilation options ine-cOmp ren Paria | | 

for the user. The most important options are: LISTING — Listing can be selectively disabled. 


QUIET COMPILATION — Console device output during 
GOTO — PASCAL GOTO statements can be disabled compilation can be suppressed. 


within the program. RANGECHECK — Code can be added by the compiler to 
lIOCHECK — Code can be added by the compiler to verify check array subscript range and assignment to variables of 
the completion of I/O Operations. subrange types. 


Assignment 
Procedure/Function calls 
IF... THEN... ELSE 
CASE...OF...END 
WHILE...DO... 
REPEAT...UNTIL... 
FOR...TO...DO... 
FOR...DOWNTO...DO... 
WITH...DO... 

GOTO 


FIGURE 8. Summary of Statement Types. 


PROGRAM SPECIALMYENU (OUTPUT); 


TYPE DAYTYPE = (MON,TUE,WED,THUR,FRI,SAT,SUN); (* SCALAR *) 
WKPAYTYPE = MON..FRI; (* SUBRANGS *) 
WXDAYSET = SFT OF WKDAYTYPE; (* SET *) 
FOODTYPE = (LAMB,STEAK,CRAR)}3 (* SCALAR *) 


oe e¢ 


ee ¢0 #9 of te OF 


DQARAADAANDQANRAAQADAAAMANANKQAA ADD NFBVM VO HYMN HNVYOY 


VAR DAY: DAYTYPE} SPECIAL: FOOPTYPE; WKDAY: WXDAYS2T} 
DAYS: ARRAY (MON..SUN] OF STRING; (* ARRAY *) 


OMAN US Grr 


ay) 
‘0 
Qeeqnqnn Qa Qw Ce 


ee e808 ef 8 


PROCEDURE TISPLAY(PL:DAYTYPE;} PS: FOODTYPE); (* FROCEDURE *) 
ECIN WRITE(OUTPUT,DAYS[PD] )3 
CASE PS OF (* CASE STATEMENT *) 
STEAK: WRITELN(OUTPUT, “STEAK ’); 
LAMB: WRITELN(CUTPUT, “LAMB )3 
CFAR: WRITELN(OUTPUT, “CRAP” ) 


nN PR 
Nov 


(ON 
i a 


eo 98 66 @f @0@ ef 


END; 


Z BEGIN (* MAIN PROGRAM *) 
2 pire ban :=”°MONDAY (* STRING ASSIGNMENT *) 
Zé DAYS{TUZ] :=’°TUESTDAY ; DAYS[WED] :=’WEDNESDAY - 73 
74 DAYS [THUR] :="“THURSDAY ; DAYS[FRI] :=°FRIDAY - "5 
122 DAYS[SAT] “SATURDAY — DAYS(SUN] :=’°SUNDAY - "3 
172 WKDAY:={MON,TUE WED, THUR,FRI]; (* SET ASSIGNMENT *} 
176 WRITELN(OUTPUT, “TODAY” “S SPUCIAL’); 
210 WRITELN(OUTPUT, °°); 
229 FOR DAY := MON TC SUN DO 
243 RUGIN IF DAY IN WKDAY (* SET MEMBERSHIP *) 
244 THEN CAS& DAY OF 
252 MON,WED,FRI: SPECIAL:=STEAK} 
257 TUE,TEUR: SPECIAL:=LAMB 
257 END 
282 ELS2 SPECIAL:=CRAB;} 
285 DISPLAY{DAY,SPECIAL) (* PROCEDURE CALL *) 
287 
289 END. 


e@ ¢@ of 8 


how ow ou 





“98 @8 66 &0@ e008 88 £0 @0¢ 88 ge es 88 be 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


ell cell areal cool coralll coal cual oxo coal cool eal soll cnell meulll ell coed meee mma N° OO SS AO OO O° 0 OO cel el nl el ee ee a cod 


ee of 


SYSTEM 8 PASCAL RUNNING...... 
TODAY’S SPECIAL 


MONDAY - STEAK 
TUES DAY - LAMB 
WEDNES DAY STEAK 
THURSDAY LAMB 
FRIDAY STEAK 
SATURDAY CRAB 
SUNDAY CRAB 


FIGURE 9. Example PASCAL Program — Data Types. 
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PASCAL 


FROGRAM BUBRLESORT; 
VAR SWAPS: INTEGER: 
TRIS: INTEGER; 
THISVAL:CEAR; 
FCS: INTEGER 5 
BUFFER: STRING; 


26O DIO CU OAR 


iv 7 
ORQAQVMO VN UIP CATA RR 


EEGIN 


> ba ps 
ye > 


ra 
NP CAIN 


(** READ INPUT LINE *;: 
READLA(CINFUT, BUFFER )§ 
* SAVE CHARACTER COUNT *) 
POS := LENGTH( BUFFER’; 


4 


> ps 
NAIY 


‘* IF LINE HAS > 
. IF POS * i 
TREN 


1 CHARACTEF *) 


SRR 
mer) D 


(*® SOET CHARACTEES IN 

ZFPPAT 

BEGIN 

OX RESET SWAP COUNTER 

SWAFS := 23 

FOE THIS := 1 TC (POS - 1) DC 
(* CHECK SACH PAIR OF CHARACTERS *) 
IF BUFFFR{THIS] > BUFFER{THIS + 1] 
THEN 


TEE LINE *) 


ANY NI 
emo, 


9 
en 


-) 


e 0¢ 


ae eo 0h pe 08 £0’ oe oe FF «8 es ? ee ae 0 @e «es @ mae se . . ot se *#@ @@ se 8 @@ gs *8 ee F¢ er ss 88 se 
MAANANMDANMNQD ANAND ANADAAADAIAMVQAMANAAANRARANIANA NAS HY ODO Ms 


Ny 
wh 


t 


may 
Oey 


io 


2& 


BEGIN 

(® SWAP THE CHARACTERS *) 

THISVAL := BUFFER[THIS]; 
BUFFER[THIS] := BUFFER(THIS + 1]; 
SUFFER({[THIS + 1] := THISVAL; 
SWAFS := SWAPS + 1 

END; 


rans 
Oy 


1Z2 
102 
127 
1¢7 (* WRITE CUT SORTED LINE *) 
107 WEITELN(CUTPUT, RUFFEF); 

Lec 

125: END. 


END; 


YNTIL SWAPS = @; 


5 
WP Po Id IA A P Pip PH HPP A Hip bh A DP P Pp bP Ph HP i WIP IB HBP Poh Pe RIA 
PRP RR Pe PREP RP PHBE PPP HE PPP PRP PPE EP RPP PRP PPP Peep 


mp & we OQ CAON CA ON SN CACY 
RR OM MAN trib tax Me 


SYSYEM 8 PASCAL RUNNING... 


TEL QUICK EROWN FOX JUMrED OVEH THE LAZY DOG 
ARCDDEEEEFGHEIJKLMNCOOCFORRTTIUUVWXYZ 


-FIGURE 10. Example PASCAL Program — Bubble Sort. 


AMC PASCAL Extensions 


AMC PASCAL has a number of extensions to the standard 
PASCALs defined by Jensen and Wirth. The most impor- 
tant extensions are: 


@ Separate compilation - A PASCAL program may be 
written in many UNITS and compiled separately one ata 
time. This also allows linkage of assembly language 
subroutines to PASCAL programs. 


e@ Interactive files — An additional predeclared type 
INTERACTIVE is provided, and the files INPUT and 
OUTPUT are automatically typed as INTERACTIVE. 

e@ Untyped files - The BLOCKREAD and BLOCKWRITE 
intrinsics are provided for read and write operations on 
untyped files. 
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Random access — For typed files, the SEEK intrinsic 
provides random access to records. For untyped files 
BLOCKREAD and BLOCKWRITE provide random 
access. 

Strings — An additional predeclared type STRING is 
provided. The STRING type is essentially equivalent to 
PACKED ARRAY OF CHAR. | 

EXIT — Before the normal end of any procedure or 
function, the user can exit with the EXIT intrinsic. 
Comparisons — The user can compare entire arrays or 
records with the equal and not equal operators. 
Dynamic Memory Allocation — The MARK and 
RELEASE intrinsics are provided instead of the 
DISPOSE intrinsic. MARK and RELEASE are used to 
set a pointer in the user heap and then release heap 
space from the pointer to the top of the heap. 


What is PASCAL and P-Code 


PASCAL is a block structured high level language with 
strong typing of variables. Virtues of block structured lan- 
guages are much discussed and well understood. In addi- 
tion, PASCAL offers rich data types that are not found in 
most languages. Some more notable ones are: set, sca- 
lar, structured array and record, and dynamic pointer. This 
allows data structures to be constructed both statically and 
dynamically making the language a very useful tool not 
only at the application level, but at the systems program- 
ming level as well. The major strength of PASCAL, how- 
ever, lies in the fact that it is a powerful language even with 
a relatively few number of basic constructs. This is attri- 
buted significantly to its powerful and flexible data types. 
As a result, PASCAL has gained the following advan- 
tages: easy to learn, simple to program, straight-forward 
to compile, efficient object code, fast execution, program 
clarity, self documenting and easy to maintain. 


Being ablock structured language, it lends itself to efficient 
execution on a host CPU with a stack architecture. Instruc- 
tions of a stack machine typically require zero operand 
specification since they are implicitly assumed to be on top 
of the stack. As a result, the instructions are very compact. 


PASCAL 


A companion part to the language definition of PASCAL 


itself is just such a pseudo machine level instruction set 
(called P-code) for a hypothetical pseudo stack machine 
(P-machine). The instruction set has been tailor designed 
to represent PASCAL programs very compactly and 
concisely. 


Due to this well defined transformation from PASCAL 
statements to P-code instructions, a compiler can be writ- 
ten very efficiently to generate P-code instructions from 
PASCAL source programs. Execution of a PASCAL pro- 
gram via its P-code equivalent can then be done in one of 
two ways. It can be either executed in its native P-machine 


environment as simulated by a software interpreter, or 
alternatively, P-code instructions may be translated into 
native instructions of host CPUs such as AmSO80 or 
AmZ8000 to be executed. 


The AMC PASCAL is upward compatible with that de- 
veloped at the University of California at San Diego both at 
the source program level and at the P-code level. It in- 
cludes a number of extensions to the standard PASCAL to 
enhance its usefulness in the microcomputer environment 
where hardware resources are more directly controlled by 
programmer at a lower level. 





Specifications: 
Operating Environment 
Required Hardware 


AmSYS Development System: 
AmSYS 8/8, AmMSYS 29 


64K bytes of RAM memory | 
Floppy diskette drive, single or double density 
system console: CRT or interactive hard copy device 


Required Software 

64K version of AMDOS operating system 
Shipping Media 

Flexible diskette 


Reference Manuals 
AmSYS PASCAL User’s Manual 00680127 


Ordering Information 


AmSYS Software can only be purchased as part of or as an addition to an AmMSYS 8 or AMSYS 29 computer 
development system. 


__Part Number 
8/8440 AMC PASCAL compiler, with interpreter, run-time library, 
Am9080 code generator and AmZ8000 code generator 
298450* AmZ8000 16-bit macroassembler; 8080, 8085 and Z80 
_ 8-bit assemblers 


1298440 for AMSYS29. 
*Provided as part of the AmMSYS 8/8 Software package. 
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AMC’s MACRO8000 
AmZ8000 Macro Assembler 








Features 
(] Functions in the AmSYS 8/8 or AmSYS 29 11 Syntactic macros 
microcomputer development system environments L| Program segmentation for address space control 
L] Generates absolute or relocatable AmZ8000 object L] Arithmetic expressions, string expressions, and 
code comparisons 
(1 Supports the full AmZ8000 instruction set (] Superior assembly speed and a variety of assembly 
L] Symbolic operands that are constants or variables options 
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The AMC MACRO8000 assembler gives the AMSYS 8/8 
or AmSYS 29 user a dynamic way to develop AmZ8000 
code for any application. A typical MACRO8000 program 
is a combination of AmZ8000 assembly instructions and 
higher-level constructs. MACRO8000 provides great 
flexibility in structuring the program and in fine-tuning 
to produce the most efficient AmZ8000 code for the 
application. 


Assembler Output Format 


MACRO8000 produces an output file of either absolute or 
relocatable AmZ8000 code. The user can choose to write 
absolute or relocatable code for either the nonsegmented 
AmZ8002 or segmented AmZ8001 processor. An abso- 
lute source program is monolithic in structure, and the 
program is assembled as a single unit. The output from 
the assembler can be an object file which can be loaded 
into the target system for the execution. A modular source 
program is relocatable and the user can choose to write 
separate modules or routines that are later merged into a 
coherent program. A linking procedure handles the 
merging of the program components and produces a 
single relocatable file containing the program modules 
linked together. A loading procedure assigns absolute ad- 
dresses to a relocatable file and loads the resulting object 
file into memory for subsequent execution in the target 
system. 


Instruction Format 


The full AmZ8000 instruction set can be used in writing 
programs. The general format of an instruction is the op- 
code (instruction mnemonic such as ADD) followed by the 
operands. MACRO8000 generates the appropriate bit 
pattern for each instruction, which is 1 to 5 words in 
length. The user can specify whatever operands are ap- 
propriate for the instruction. AmZ8000 instructions have 
from zero to four operands, and the operands can be in 
various addressing modes. 


MACRO8000 


MACRO8000 


SOURCE 
PROGRAM 
PART 


SOURCE 
PROGRAM 
PART 


SOURCE 
PROGRAM 
PART 


SOURCE 
PROGRAM 
PART 


AMC’s MACRO8000 


Addressing Modes 


The AmZ8000 addressing modes are for different types of 
operands and are supported through the hardware. The 
addressing modes give the user great flexibility in choos- 
ing whether an operand is directly or indirectly specified to 
be in a register, in memory or in part of the instruction. 


@ The immediate mode specifies an operand which is a 
constant imbedded within the instruction itself. 

e The register mode specifies an 8-bit (byte) register, 
16-bit (word) register, 32-bit (long word) register, or 
64-bit (quad word) register that contains the operand 
value. 

e The indirect register mode specifies a word register 
(nonsegmented AmZ8002) cr register pair (seqmented 
AmZ8001) that contains the address of the operand. 

e The direct address mode specifies a label. The label is 
associated with the address of a data value that is used 
as the operand, or the label is associated with an in- 
struction to which a jump or call instruction branches to. 

@ The relative address mode specifies an operand whose 
location is found relative to the present instruction 
location. 

@ The indexed mode is a directly addressed operand fol- 
lowed by a displacement that is in a register. The label 
and displacement added together forms the address of — 
the operand value. 

e The base address mode consists of an indirect register 
specification followed by a displacement. The address 
of the operand is calculated by adding together the 
content of the register and the displacement value. 

@ The base indexed mode is a register indirect address 
specification followed by a displacement that is in 
another register. The address of the operand is calcu- 
lated by adding together the contents of the two 
specified registers. — 


OBJECT 
FILE 


Monolithic Program for Amz8002 or AmZ8001 


LINK8000 


RELOCATABLE 


RELOCATABLE 


RELOCATABLE 
CODE | 


RELOCATABLE 
CODE 


RELOCATABLE 


Modular Program for AmZ8002 or AmZ8001 
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AMC’s MACRO8000 


e The port immediate mode consists of a port address for 
/O operations that is specified as a 16-bit immediate 
value. 

@ The port register mode specifies a register that con- 
tains a 16-bit port address for I/O operations. 


Opcodes 


The AmZ8000 instruction opcodes are the names for the 
individual instructions. The naming scheme involves a 
few characters for the basic name of the instruction, such 
as LD for load, and sometimes additional characters that 
specify other properties of the instruction. For instance, 
LDIRB is a Load with auto Increment and Repeat for Byte 
operands. Well over 200 different opcodes can be written. 


e CLR -— Clear (byte, word or long word) 

e EX — Exchange (byte or word) 

e LD —Load (byte, word, or long word; special form for 
multiple registers; special form for addresses; optional 
autoincrement or autodecrement; optional repeat) 

e@ POP and PUSH — Pop and Push stack (word or long 
word) 

e ADD -— Add (byte, word, or long word; optionally with 
carry) 


e CP — Compare (byte, word, or long word; optional au- 
toincrement or autodecrement; optional repeat) 

e DAB — Decimal adjust (byte) 

e DEC — Decrement (byte or word) 

@ DIV — Divide (word or long word dividend) 

e EXTS — Extend sign (byte, word or long word) 

e INC — Increment (byte or word) 

@ MULT — Multiply (word or long word result) 

e NEG — Negate (byte or word) 

e SUB — Subtract (byte, word, or long word; optionally 
with carry) 

e@ AND — Logical AND (byte or word) 

e COM — Complement (byte or word) 

@ OR - Logical OR .(byte or word) 

e TEST — Logical test (byte, word, or long word) 

e TCC — Test condition code (byte or word) 

@ XOR — Exclusive OR (byte or word) 

e R — Rotate (left or right; special form for digit; optionally 
through carry; byte or word) 

e S — Shift (left or right; optionally dynamic; arithmetic or 
logical; byte, word, or long word) 

e BIT — Bit test (static or dynamic; byte or word) 

e RES — Reset bit (static or dynamic, byte or word) 

e@ SET — Set bit (static or dynamic, byte or word) 

@ TSET — Test and set (byte or word) 

e CPS — Compare strings (autoincrement or autodecre- 


ment; optional repeat; byte or word) 

e TR — Translate (autoincrement or autodecrement; op- 
tional repeat; byte) 

e TRT — Translate and test (autoincrement or au- 
todecrement; optional repeat; byte) 

e IN — Input (optional autoincrement or autodecrement; 
optional repeat; optional special input; byte or word) 

@ OUT — Output (optional autoincrement or autodecre- 

ment; optional repeat; optional special output; byte or 

word) 

CALL — Call routine (normal or relative) 

RET — Return 

JP — Jump (normal or relative) 

DJNZ — Decrement and jump on non-zero (byte or 

word) | 

SC — System call 

e INRET — Interrupt return 


COMFLG, RESFLG, SETFLG — Flag complement, 

reset, or set 

DI, El — Interrupt disable or enable 

HALT — Halt 

NOP — No operation 

MBIT, MRES, MSET, MREQ — Multi-micro test, reset, 

set, or request 

e LDCTL — Load control (flag byte or special control 
word) 

e LDPS — Load program status 


High Level Constructs — 


MACRO8000 offers a variety of high-level constructs that 
can be used in assembler programs. High-level con- 
structs make most programs easier to write, simpler to 
debug and maintain than functionally-equivalent programs 
containing only instructions. The constructs in 
MACRO8000 are either very similar or identical to 
PASCAL statements. Programmers familiar with PASCAL 
or another block-structured language will be comfortable 
with the MACRO8000 high-level constructs. 


@ IF-THEN-ELSE is for conditional assembly, or for run- 
time code generation. A test such as register equal to 
register generates code. 

e FOR-DO is for repetitive assembly. 


Symbolic Operands 


MACRO8000 supports symbolic constants and symbolic 
variables. The values of symbolic constants and variables 
are essentially any operands that can be used in the pro- 
gram, including arithmetic expressions. The symbolic 
constants are names used for constant values. This pro- 
vides for the assignment of meaningful names such as 
BLOCK_COUNT to a register used as the block court. 
The symbolic variables are defined and then throughout 
the program can be redefined to new values such as diffe- 
rent registers. All of the evaluation of the variables occurs 
at assembly time, so that the generated code reflects the 
values substituted for the symbolic constants and vari- 
ables. 


Syntactic Macros 


The macro capability allows the programmer to reduce 
the amount of source code that must be written. Identical 
or similar sections of code can be prepared as a macro 
and called out as appropriate. During assembly the call is 
replaced by the code of the macro body. The macros in 
MACRO8000 are internally processed as syntactic mac- 
ros, which are assembled at up to over an order of mag- 
nitude faster than the conventional lexical macros. 


Program Segmentation 


The MACRO8000 relocatable module system is based on 
the concept of “segment” meaning ‘a piece or part of a 
program.” Thus, a “program” may be defined as a collec- 
tion or sequence of program segments. Named program 
segments may be assigned attributes, and arranged and 
combined in any arbitrary manner by LINK8000. This 
simple unifying concept applies to both the AmZ8001 and 
AmZ8002 CPUs. In the case of the AmZ8001 (segmented 
CPU), program segments may be identified with (i.e., 
equated to) logical segments. Program segmentation has 
many uses beyond the specification of logical segments 
for the AmZ8001 — for example, the partitioning of pro- 
gram space into RAM space and ROM space. 


LINK8000 offers simple default modes of operation for the 
novice user. For more advanced users, LINK8000 offers 
incremental linking, providing an enhanced program 
segment mapping capability. 


Expressions 


The ability to write expressions often reduces the work 
involved in writing programs and helps to keep the pro- 
grams smaller. 


e Arithmetic expressions can be written to produce 32-bit 
signed results. 

Arithmetic signed or unsigned comparisons can be 
written to yield true or false values for logical tests. 
Strings can be used and concatenated in string 
expressions. 

Siring comparisons Can be Used io Compare Sirinig 
collating sequence and yield true or false values f 
logical tests. 


Assembly Options 


In addition to fast assembly, with one pass through the 
source and a second pass for the listing, MACRO8000 
offers a variety of options. 
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Option to suppress first pass listing. 

Option to direct listing to the console, to the printer, to a 
default file, or to a user-specified file. The listing shows 
the source program, any diagnostic messages pro- 
duced by the assembler, and the AmZ8000 code 

and data values generated by the program. 

Option for error messages only, and option to suppress 
warning messages. 

Option for macro trace that displays code expansion. | 
Option for object file generation. 


Linker 


The LINK8000 linker is a separate module used for linking 
together relocatable modules of any size. The linker can 
bring in library routines to satisfy external references. The 
user can control the mapping of modules into the object 
file, as well as the mapping of user segments within mod- 
ules. LINK8000 can also handle relative address refer- 
ences across segments. Output of the linker is an object 
file that can be run on either the nonsegmented AmZ8002 
or the segmented AmZ8001. 
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EXAMPLES « «+ MACKO 8/8000 Z8000 ASSEMBLER 1.2.16 FAGE 1 


0000 MODULE ‘EXAMPLES... '# 

0000 

0000 y 

0000 (x SYMBOLIC CONSTANTS AND NUMERIC VALUES ARE 

o000 ALWAYS TREATED THE SAME «4. 

0000 

0000 CONST ABC 
DEF 
REG 
RIR 
RES 
SLAE 
NLAE 


#4000» 
1S 

R3»s 

R4% 
RS*(R7 >» 
LABEL. » 
#400045 


Hou HOR # EF 


USE OF SYMBOLIC CONSTANTS; 


2103 LD - RSs #40003 ”% IMMEDIATE 
2103 LD REGr ABC? 


6103 LD RS»#4000%3 % *€4000%7 USED AS "LABEL" 
4103 LD REG rAECS ° 
61903 LD REG »NLAE3 


LABELS ¢ 


EOE JF LABEL > “% SAME AS M80 
4103 ADD R3rLABEL + 
4103 ADD REG» SLAESs 

0020. 

0020 LABELS WITH OFFSET: 

0020 

0020 JP LABEL €4)> 3 

0 02244 ADD R3rLABEL (4) 3 


EXAMPLES + « + . MACKO 8/8000 Z8000 ASSEMELER 1.2.1E FAGE 2 


0 02283 ADD KEI» SLAE CAD s 

0020 

0020 ADDRESS CONSTANTS ¢ 

002C 

0020 0033 LD RS» *LAREL + % "LABEL" MEANS "ADDRESS OF* OR "“FOINTER TO" LAEEL 
0030 2 THIS- INSTRUCTION IS THE SAME AS ZTLOG'S LDA 
0030 

0030 INDIRECT $ 

0030 

VUSD ADD R39R445 2 R4 CONTAINS FOINTER TO OPERAND 
0032 ADD REG» RIK: 

0034 

0034 INDEXED 3 

0034 : 

0034 4143 0038 ADD R3»LABELCR4)% ZZ OFERAND ITS LABEL OFFSET BY RK4 
0038 

0038 

0038 % LABEL DEFINITIONS 

0033 

0038 LABEL 3 

09038 

0038 

0038 STATEMENTS TERMINATE EY SEMICOLON UNLESS FOLLOWED EY 
0033 , ELSE OR END — 

0038 

0038 O43 IF REG E€Q RIK THEN 
003A EE O3 LD REG» DEF 
OO0SC 2103 OO0F ELSE 

0040 ESOS BEGIN 

O04 Hj03 OOF ADD REG» DEF 
0044 L.D LABEL » ABC % + OPTIONAL 
0046 4D05 0638 4000 ENDs> 

004C 

DO4C 

004C END. 


NETTHER WARNING NOR ERROR MESSAGES 


MKKK CEXECUTIVE > NORMAL TERMINATION 
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Specifications: 


Operating Environment Required Software 
Required Hardware 64K version of AMDOS Operating System 
ae Shipping Media | 
64K bytes of RAM memory Floppy diskette, single or double density 
Dual Floppy diskette drives, single or double density Reference Manual 
System console: CRT or interactive hardcopy device MACRO8000 Macro Assembler Manual #00680119 





Ordering Information* 


AmSYS Software can only be purchased as part of or as an addition to an AMSYS Microcom- 
puter Development System. 


Part Number 


AmSYS MACRO Z8000 | AmZ8000 16-bit macroassembler with relocatable output 
and Linker LINK8000 to. produce complete relocatable 
modules or absolute programs. 


*MACRO8000 is included as a standard part of the AmSYS 8/8 Microcomputer Development System. 
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Commitment to Excellence 
A COMMITMENT TO EXCELLENCE 


Advanced Micro Devices was conceived on the premise that there was a place in the semiconductor community 
for a manufacturer dedicated to excellence. 


In product assurance procedures, Advanced Micro Devices is unique. Only Advanced Micro Devices processes 
all integrated circuits, commercial as well as military, to the demanding requirements of MIL-STD-883. The 
Rome Air Development Center (RADC), which is the Air Force’s principal authority on component reliability, has 
issued MIL-HDBK-217B which indicates that parts processed to Military Standard 883, Level C (Advanced Micro 
Devices’ standard processing) yield a product nearly ten times better in failure rates than the industry commer- 
cial average. 


Our Sunnyvale facility has been certified by the Defense Electronics Supply Center (DESC) to produce parts to 
JAN Class B and C under Military Specification MIL-M-38510. The National Aeronautics and Space Administra- 
tion (NASA) has certified this production line for the manufacture of Class A products for programs requiring the 
highest levels of reliability. Advanced Micro Devices is the only integrated circuit company formed within the last 
ten years to achieve such line certification. 


This brochure outlines Advanced Micro Devices’ standard programs for Class B, C and A devices for military 
and commercial operating range applications. These will cover the majority of system requirements today. Alter- 
native screening flows for specific user needs can be performed on request. Check with your local sales office 
for further information. 
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ADVANCED MICRO DEVICES’ STANDARD PRODUCTS 
ARE MANUFACTURED TO MIL-STD-883 REQUIREMENTS 


Advanced Micro Devices’ product assurance programs are based on two key documents. 
MIL-M-38510 — General Specification for Microcircuits 
MiL-STD-883 — Test Methods and Procedures for Microelectronics 


The screening charts in this brochure show that every integrated circuit shipped by Advanced Micro Devices 
receives the critical screening procedures defined in MIL-STD-883, Method 5004 for Class C product. This includes 
molded plastic devices. 


In addition, documentation, design, processing and assembly workmanship guidelines are patterned after MIL-M- 
38510 specifications. 


Commercial and industrial users receive the quality and reliability benetits of this aerospace-type screening and 
documentation at no additional cost. 


STANDARD PRODUCT TESTING CATEGORIES 


Advanced Micro Devices offers integrated circuits to four standard testing categories. 


. Commercial operating range product (typically 0°C to 70°C) 

. Commercial product with 100% temperature testing 

. Military operating range product (typically —55°C to +125°C) 
. JAN qualified product 


kRONM — 


Categories 1, 2 and 3 are available on most Advanced Micro Devices circuits. Category 4 is offered on a more 
limited line. Check with your local sales office for details. 


STANDARD PRODUCT ASSURANCE CATEGORIES 


Devices produced to the above testing categories are available to the three standard classes of product assurance 
defined by MIL-STD-883. As a minimum, every device shipped by Advanced Micro Devices meets the screening 
requirements of Class C. 


Class C — For commercial and ground-based military systems where replacement can be ac- 
complished without difficulty. 


According to MIL-HDBK-217B, this assures relative failure rates 9.4 times better than that of regu- 
lar industry commercial product. 


Class B — For flight applications and commercial systems where maintenance is difficult or expensive 
and where reliablity is vital. 


Devices are upgraded from Class C to Class B by burn-in screening and additional testing. 


According to MIL-HDBK-217B, Class B failure rate is improved 30 times over regular industry 
commercial product. Advanced Micro Devices Class B processing conforms to MIL-STD-883 re- 
quirements. MIL-HDBK-217B indicates that this may provide failure rates as much as two times 
better than some other manufacturers’ “equivalent” or “pseudo” Class B programs. 





Class S — For space applications where replacement is extremely difficult or impossible and reliability 
| is imperative. 


Class S screening includes x-ray and other special inspections tailored to the specific require- 
ments of the user. 


The 100% screening and quality conformance testing performed within these Advanced Micro Devices pro- 
grams is shown in TABLES |, Il and Ill. A full description of the process flow is provided in Product Assurance 
Document 15-010, available on request. 
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CLASS C SCREENING FLOW 
FOR COMMERCIAL SYSTEMS AND GROUND BASED MILITARY SYSTEMS 


TABLE | COMMERCIAL MILITARY 
OPERATING RANGE 2ERATING RANGI 












CLASS C 
INTEGRATED CIRCUITS HERMETIC AND 
MOLDED PACKAGES 

























C2 
Commercial 
Product 
Screening Procedure per MIL-STD-883 With 100% 
Method 5004, Class C Temper- 
Commercial ature 


VISUAL AND MECHANICAL 
Internal visual 
High temperature 
















2010, Condition B 100% 


1008, Condition C, 


100% 






















































storage 24 hours 100% 100% 
Temperature cycle 1010, Condition Cc 100% 100% 
Constant 
acceleration 2001 100% (1) 100% (1) 
Hermeticity, Fine 
and Gross 1014 100% (1) 100% (1) 100%: 
FINAL ELECTRICAL TESTS AMD Data AMD Data : 
Sheet Sheet : 





















Static (dc) a) At 25°C, and power 


supply extremes 
b) At temperature 
and power 
supply extremes 
a) At 25°C, and power 
supply extremes 
b) At temperature 
and power 
supply extremes 


At 25°C, nominal 
power supply 


5005, Group A 






100% 









100% (3) 





Functional 






100% 









100% (3) 






Switching (ac) 
or Dynamic 


QUALITY CONFORMANCE 

















(See Table Il) 
Sample Tests Group B 
Group C 
Group D’ - 


TABLE Il 
GROUP A QUALITY CONFORMANCE LEVELS 


Advanced Micro Devices employs the military-recommended LTPD sampling system to assure quality. MIL- 
STD-883, Method 5005, TABLE !, Group A, subgroups 1 through 9 as appropriate to the device family are 
performed on every lot. Quality levels defined for Class B product are applied by Advanced Micro Devices to 
both Class B and Class C orders. INITIAL 

LTPD SAMPLE SIZE 


Subgroup 1 — Static tests at 25°C 
_ Subgroup 2 — Static tests at maximum rated operating temperature 

Subgroup 3 — Static tests at minimum rated operating temperature 

Subgroup 4 — Dynamic tests at 25°C — LINEAR devices 

Subgroup 5 — Dynamic tests at maximum rated operating temperature 
— LINEAR devices 

Subgroup 6 — Dynamic tests at minimum rated operating temperature 
— LINEAR devices 

Subgroup 7 — Functional tests at 25°C 

Subgroup 8 — Functional tests at maximum and minimum rated 
operating temperatures 

Subgroup 9 — Switching tests at 25°C — DIGITAL devices 

Subgroup 10 — Switching tests at maximum rated operating 
temperatures — DIGITAL devices 

Subgroup 11 — Switching tests at minimum rated operating 
temperatures — DIGITAL devices | 





“These subgroups, where applicable, are usually performed during initial characterization only for all except JAN Qualified product. 
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CLASS B SCREENING FLOW 
FOR HIGH RELIABILITY COMMERCIAL AND MILITARY SYSTEMS 


TABLE ill 

CLASS B 

INTEGRATED CIRCUITS 

(Class C plus burn in screening 
and additional testing.) 





















COMMERCIAL 
OPERATING RANGE 


HERMETIC AND 
MOLDED PACKAGES 


B2 
Commercial 
Product 
With 100% 
Temper- 
ature 
Testing 



















Screening Procedure per MIL-STD-883 
Method 5004, Class B 


|___Screen |__Test Method 


VISUAL AND MECHANICAL 
Internal visual 
High temperature 













Commercial 
Product 













2010, Condition B 100% 


~ 1008, Condition C, 






















storage 24 hours 100% 
Temperature cycle 1010, Condition C 100% 
Constant 

acceleration 2001 100% (1) 
Hermeticity, Fine 

and Gross 1014 100% (1) 













BURN IN 
Interim (pre burn Per applicable 
in) electricals device specification 100% 


Burn in 1015160 hours at 
125°C or equivalent.* 100% 


AMD Data AMD Data : 
Sheet Sheet 
Static (dc) a) At 25°C, and power 


supply extremes 100% 


b) At temperature 
and power 
supply extremes 100% (3) 


Functional a) At 25°C, and power 
supply extremes 100% 


b) At temperature 
and power 
supply extremes 100% (3) 


Switching (ac) At 25°C, nominal 
or Dynamic power supply 
QUALITY CONFORMANCE 5005, Group A 
(See Table il) 
Group B 
Group C 
Group D 


EXTERNAL VISUAL 2009 (Note 5) 100% : 005 10% 


Notes: 1. Not applicable to molded packages. 
2. All MOS RAMs and many other MOS devices receive a.c. testing and 100% d.c. screening at high temperature and power supply 
extremes as standard. Other products sampled at Group A (Table III). 
3. Tested at high temperature, 100°C, only on commercial range product. Note that this is a full d.c. check of all parameters in 
addition to the simple “hot-rail” functional sequence performed on most other commercial programs. 
4. Available to special order. 
5. Without optical aid for commercial devices. *Unless otherwise specified on the device data sheet. 


CLASS S 
FOR AEROSPACE SYSTEMS. (FORMERLY CLASS A) 




















FINAL ELECTRICAL TESTS 




































Sample Tests 














Advanced Micro Devices offers a Class S program. 


This program together with other high reliability screening options, such as SEM and x-ray, is described as OptionA 
in Advanced Micro Devices’ Extended Processing Options Document 00-003. Contact your local Advanced Micro 
Devices’ sales office for more information. 
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STANDARD PRODUCT 
SCREENING SUMMARY AND ORDERING INFORMATION 


1. COMMERCIAL PRODUCT 


@ Screened per MIL-STD-883, Method 5004. 

e Electrically tested per AMD Data Sheet. 

@ Supplied in hermetic and molded packages. 

® Quality conformance testing, Method 5005, Group 
A, performed to levels specified for Class B on both 
Class C and Class B options. 


Class C (Flow C1) 


@ Order standard AMD part number. 
@ Marked same as order number. 


Example: Am2901ADC 
Class B (Flow B1) 


@ Burn in performed in AMD circuit condition. 
e@ Order standard AMD part number, add suffix B (or 
/883B for 1, 2 and 300 Series Linear devices). 
@ Marked same as order number. 
Example: Am2901ADC-B 


. MILITARY PRODUCT 


© Screened per MIL-STD-883, Method 5004. 

@ Electrically tested per AMD Data Sheet. 

e Supplied in hermetic package only. 

@ Quality conformance testing, Method 5005, Group 
A, performed to levels specified for Class B on both 
Class B and Class C options. 


Class C (Flow C3) 


e Order standard AMD part number. 
@ Marked same as order number. 
Example: Am2901ADM 


Class B (Flow B3) 


@ Burn in performed in AMD circuit condition. 

@ ACat25°C, dc and functional testing at 25°C as well 
as temperature and power supply extremes per- 
formed on 100% of every lot. 

@ Quality conformance testing, Method 5005, Groups 
B, C and D available to special order. 

e@ Order standard AMD part number, add suffix B. 

@ Maiked same as order number. 

Example: Am2901ADM-B 


2. COMMERCIAL PRODUCT WITH 100% 


TEMPERATURE TESTING 


e Identical to standard commercial operating range 
product with the addition of 100% dc and functional 
testing at 100°C and power supply extremes. 


Class C (Flow C2) 

e@ Order standard AMD part number, add suffix T. 

e Marked same as order number. | 
Example: Am2901ADC-T 


Class B (Flow B2) 
e Burn in performed in AMD circuit condition. 
e Order standard AMD part number, add suffix TB. 
e Marked same as order number. 
Example: Am2901ADC-TB 


. JAN QUALIFIED PRODUCT 


@ Screened per MIL-STD-883, Method 5004. 

@ Electrically tested to JAN detail specification (slash 
sheet). 

e Manufactured in Defense Logistics Agency cer- 
tified facility. . 

@ Quality conformance testing, Method 5005, Groups 
A, B, C and D performed as standard and must be 
completed prior to shipment. 

e It is a product for which AMD has gained QPL 
listing.* 

Class C (Flow C4) 

@ Order per military document. 

@ Marked per military document. 

Example: JM38510/44001CQB 


Class B (Flow B4) 


e@ Burn in performed in circuit condition approved for 
JAN devices. 

e@ Order per military document. 

@ Marked per military document. 


Example: JM38510/44001BRC 


*In certain cases where JAN Qualified product is specified but is not available, Advanced Micro Devices can provide devices to the 
electrical limits and burn-in criteria of the slash sheet. This class of product has been called JAN Equivalent and marked M38510/ by some 
manufacturers. This identification is no longer permitted by DESC. Check with your local sales office for availability of specific device 


types. 


PACKAGE OUTLINES 


METAL CAN PACKAGES 


H-8-1 H-10-1 G-12-1 
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Can 
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Appendix C 


Parameters ran ax. | Min. | ax. 













Notes: 1. Standard lead finish is bright acid tin plate or gold plate. 
2. db applies between L; and Lo. db; applies between L, and 0.500” 
beyond reference plane. 
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PACKAGE OUTLINES (Cont.) 


MOLDED DUAL IN-LINE PACKAGES 
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SEATING” 
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PACKAGE OUTLINES (Cont.) 


MOLDED DUAL IN-LINE PACKAGES (Cont.) 
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Notes: 1. Standard lead finish is tin plate or solder dip. 
2. Dimension Eo is an outside measurement. 
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HERMETIC DUAL IN-LINE PACKAGES 
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~ PACKAGE OUTLINES (Cont.) 


HERMETIC DUAL IN-LINE PACKAGES (Cont.) 
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PACKAGE OUTLINES (Cont.) 


HERMETIC DUAL IN-LINE PACKAGES (Cont.) 
D-28-1 D-28-2 
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PACKAGE OUTLINES (Cont.) 
HERMETIC DUAL IN-LINE PACKAGES (Cont.) 


D-14-3 
AMD Pkg. D-14-2 (Note 2) 
Common SIDE- SIDE- METAL SIDE- 
Name CERDIP BRAZED BRAZED DIP BRAZED 
38510 
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[Parameters | win | wax | Win] wax | win | wax | win [ wax | win | wax | win | wax | win | Won 
[aA | 160 | aw | 100 | 200 | a0 | 200 | 100 | 200 | 100 | 200 | 100] 200 | 100 | 200 



















040 070 .070 .070 04 065 











O10 
qr; — 
Oo|om 


oO 
paar 


—_ 
i o/o!o 
© A] a 
f=) o;n 
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0 .011 .013 


nn 
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Ww 
So 
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© 
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o]}o 


500 | . 745 | .785 785 | .745 | .785 | .780 | .820 
285 310 | .230 | .265 310 | .260 | .310 







w 
Nh 
Oo 


290 | . 320 a 320 
125. 160 | 100 | .150 | 150 | .125 | .160 
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re) 
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Standard . 
Lead bore borc . bore 
Finish 





Common SIDE- SIDE- SIDE- 
Name - BRAZED CERDIP BRAZED BRAZED 

38510 

Appendix C D-3(1) 


[Parameters | Win | wax | Min | Wax | Win [ wo | Min | Wax | Win | Moe [ Min [ Max | win | Mon 
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.020 
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40 
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PACKAGE OUTLINES (Cont.) © 
HERMETIC DUAL IN-LINE PACKAGES (Cont.) 
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Standard 
Lead 
Finish . 





Notes: 1. Load finish b is tin plate. Finish c is gold plate. 
2. Used only for LM108/LM108A. 
3. Dimensions E and D allow for off-center lid, meniscus and glass overrun. 
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FLAT PACKAGES 





PACKAGE OUTLINES (Cont.) 


FLAT PACKAGES (Cont.) 
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2. Dimensions E; and D, allow for off-center lid, meniscus, and glass overrun. 


Notes: 1. Lead finish b is tin plate. Finish c is gold plate. 
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PRODUCT ASSURANCE 
MIL-M-38510 « MIL-STD-883 





The product assurance program at Advanced Micro Devices defines manufacturing flow, establishes standards and controls, and 
confirms the product quality at critical points. Standardization under this program assures that all products meet military and 
government agency specifications for reliable ground applications. Further screening for users desiring flight hardware and other 
higher reliability classes is simplified because starting product meets all initial requirements for high-reliability parts. 


The quality standards and screening methods of this program are equally valuable for commercial parts where equipment must 
nerform reliably with minimum field service. 


Two military documents provide the foundation for this program. They are: 


MIL-M-38510 — General Specification for Microcircuits 
MIL-STD-883 — Test Methods and Procedures for Microelectronics 


MIL-M-38510 describes design, processing and assembly workmanship guidelines for military and space-grade integrated 
circuits. All circuits manufactured by Advanced Micro Devices for full temperature range (—55°C to + 125°C) operation meet these 
quality requirements of MIL-M-38510. 


MIL-STD-883 defines detail testing and inspection methods for integrated circuits. Three of the methods are quality and processing 
standards directly related to product assurance: 


Test Method 2010 defines the visual inspection of integrated circuits before sealing. By confirming fabrication and assembly 
quality, inspection to this standard assures the user of reliable circuits in long-term field applications. Standard inspection at 
Advanced Micro Devices includes all the requirements of the latest revision of Method 2010, condition B. 


Test Method 5004 defines three reliability classes of parts. All must receive certain basic inspection, preconditioning and 
screening stresses. The classes are: 


Class C — Used where replacement can be readily accomplished. Screening steps are given in the AMD processing flow 
chart. 


Class B — Used where maintenance is difficult or expensive and where reliability is vital. Devices are upgraded from Class 
C to Class B by 160-hour burn-in at 125°C followed by more extensive electrical measurements. All other screening 
requirements are the same. 


Class S — Used where replacement is extremely difficult and reliability is imperative. Class S screening selects extra 
reliability parts by expanded visual! and X-ray inspection, further burn-in, and tighter sampling inspection. 


All hermetically sealed integrated circuits (military and commercial) manufactured by Advanced Micro Devices are screened to 
MIL-STD-883, Class C. Molded integrated circuits receive Class C screening except that centrifuge and hermeticity steps are 
omitted. 


Optional extended processing to MIL-STD-883, Class B is available for all AMD integrated circuits. Parts procured to this screening 
are marked with a “—B” following the standard part number, except that linear 100, 200 or 300 series are suffixed “/883B”. 


Test Method 5005 defines qualification and quality conformance procedures. Subgroups, tests and quality levels are 
given for Group A (electrical), Group B (mechanical quality related to the user’s assembly environment), Group C (die 
related tests) and Group D (package related tests). Group A tests are always performed; Group B, C and D may be 
specified by the user. 


C-1 





Product Assurance 


MANUFACTURING, SCREENING AND INSPECTION 
FOR 
INTEGRATED CIRCUITS 


All integrated circuits are screened to MIL-STD-883, Method 5004, Class C; quality conformance inspection where 
required is performed to Class B quality levels on either Class B or Class C product. 


All full-temperature-range (—55°C to +125°C) circuits are manufactured to the workmanship requirements of MIL-M- 
38510. 


The flow chart identifies processing steps as they relate to MIL-STD-883 and MIL-M-38510. 
STANDARD PROCESSING 


CLASS C 
Steps 1 Through 25 


HERMETIC PACKAGE 
PROCESS 


MOLDED PACKAGE 
PROCESS 


INSPECTION 


Purchased or fabricated starting materials are inspected for conformance 
to specified requirements. Inspection follows written procedures, and 
records are analyzed for supplier quality negotiations. 


WAFER FABRICATION 


Repeated masking, etching and diffusion processes produce finished dice 
in wafer form. 


IN-PROCESS INSPECTION 


Each wafer is inspected prior to irreversible process steps. 


FINISHED WAFER INSPECTION 


Sample wafers from each finished diffusion lot are inspected to confirm 
lot quality before release for test and assembly. 


WAFER ELECTRICAL TEST 


Electrical probe test of every die. A computer-controlled system measures 
static and dynamic parameters and identifies dice that do not meet 
electrical requirements. 


DIE SEPARATION 


Wafers are separated into individual dice and electrical rejects are removed. 


VISUAL INSPECTION - 


Separated dice are inspected and selected at high magnification. 


QUALITY INSPECTION 


Decisions at the 100% inspection are reviewed through periodic random 
sampling, confirming product quality and revealing any need for operator 
retraining. 


DIE ATTACH 
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10 


11 


12 


13 


14 


15a 


15b 


16 


17 


18 


19 


20 


QUALITY INSPECTION 


Strength of die attachment, position of die and visual quality of eutectic 
wetting are confirmed periodically by inspecting random samples and 
push-testing the attached dice. 


WIRE BOND 


Hermetic: Aluminum wires, ultrasonic bonding. 
Molded: ~— Gold wires, thermocompression bonding. 


QUALITY INSPECTION 


Weld strength, bond size and position, wire dress and general workmanship 
are confirmed periodically by comparing random samples with assembly 
instructions and quality standards. Bond strength is plotted on statistical 
control charts, providing early warning of process drifts. 


INTERNAL VISUAL INSPECTION 


Assembled but unsealed units are individually inspected at low and high 
power. 


QUALITY STANDARDS: 


All devices — MIL-STD-883, Method 2010, Condition B (latest revision). 
Full temperature devices — MIL-M-38510, Para. 3.7 for workmanship (re- 
bonding limits). 


QUALITY INSPECTION 


Decisions at the 100% inspection are reviewed through periodic random 
sampling, providing confirmation of product quality and revealing any 
need for operator retraining. 


FINAL SEAL 


(Hermetic devices) 
ENCAPSULATE 
(Molded Devices) 


HIGH TEMPERATURE STORAGE 
MIL-STD-883, Method 1008, Cond. C: 150°C, 24 hr 


TEMPERATURE CYCLE 


MIL-STD-883, Method 1010, Cond. C: —65°C, +150°C, 10 cycles 


CENTRIFUGE 
MIL-STD-883, Method 2001, Cond. E: 30,000 G 


SEAL (HERMETICITY) TEST 


MIL-STD-883, Method 1014, Cond. A or B: Fine Leak 
MIL-STD-883, Method 1014, Cond. C2: Gross Leak 


ELECTRICAL TEST 


MIL-STD-883, Method 5004, Para. 3.1.12: Static, dynamic, functional 
tests at 25°C or in certain products at the most critical extreme tempera- 
ture to assure accuracy of device selection. 
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Product Assurance 


QUALITY GROUP A ELECTRICAL TEST (TABLE 1) 


MIL-STD-883, Method 5005. See the table below. Quality levels 
as defined for Class B are applied to both Class B and Class C 
parts. Proven correlations supported by periodic reconfirma- 
tion may be used for some parameters. 


MARK, INSPECT, PACK FOR SHIPMENT 


QUALITY INSPECTION, PRE-SHIPMENT 


Confirmation of marking, physical quality, and product identity. 


QUALITY INSPECTION FOR SHIPMENT RELEASE 


Confirmation of product type, count, package. 
Confirmation of completion of all process requirements. 
Confirmation of required documentation. 


7 


SHIP TO CUSTOMER 


This AMD standard product meets screening requirements of 
MIL-STD-883, Class C. 


GROUP A ELECTRICAL TESTS 
From MIL-STD-883, Method 5005, Table | 


Subgroups pyinlet, 
ote 1) Sample Size 

Subgroup 1 — Static tests at 25°C 45 
Subgroup 2 — Static tests at maximum rated operating temperature 32 
Subgroup 3 — Static tests at minimum rated operating temperature 32 
Subgroup 4 — Dynamic tests at 25°C — Linear devices 45 
Subgroup 5 — Dynamic tests at maximum rated operating temperature — Linear devices 32 
Subgroup 6 — Dynamic tests at minimum rated operating temperature — Linear devices . 32 
Subgroup 7 — Functional tests at 25°C 45 
Subgroup 8 — Functional tests at maximum and minimum rated operating temperatures 22 
Subgroup 9 — Switching tests at 25°C — Digital devices 32 
Subgroup 10 — Switching tests at maximum rated operating temperature — Digital devices (Note 2) 10 


Subgroup 11 — Switching tests at minimum rated operating temperature — Digital devices (Note 2) - 10 


. Sampling plans are based on LTPD tables of MIL-M-38510. The smaller initial sample size, based on zero rejects allowed, has been chosen 
unless otherwise indicated. If necessary, the sample size will be increased once to the quantity corresponding to an acceptance number 
of 2. The minimum reject number in all cases is 3. 

. These subgroups are usually performed during initial device characterfation only. 
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OPTIONAL EXTENDED PROCESSING 
CLASS B 
Steps 101 Through 110 


Advanced Micro Devices offers several extended processing options to meet customer 
high-reliability requirements. These are defined in AMD document 00-003. The flow chart 
below outlines Option B, a 160-hr burn in. Military temperature range devices processed to 
this flow (in the left column) meet the screening requirements of MIL-STD-883, Class B. 


COMMERCIAL RANGE 


HERMETIC OR 
MOLDED PACKAGES 


MILITARY RANGE 
HERMETIC PACKAGES 


BEGINNING MATERIAL 


Standard product taken after completion of step 20 (electrical test) 


BURN IN 
MIL-STD-883, Method 1015: 160 hr, 125°C, or time-temperature equiva- 
lents as allowed by Method 1015. 

FINAL ELECTRICAL TEST 
MIL-STD-883, Method 5004. 


Military: Testing subgroups as defined for Class B. Static and functional 
at 3 temperatures, dynamic or switching at room temperature. 


Commercial: Repeat step 20. 


QUALITY GROUP A ELECTRICAL SAMPLE (TABLE 1) 


MIL-STD-883, Method 5005 and Table I. Quality levels as defined for 
Class B. Temperature correlations may be used on commercial prod- 
ucts. 


QUALITY CONFORMANCE TESTS, GROUPS B, C, AND D 


MIL-STD-883, Method 5005. Sample life and environmental tests if re- 
quired by purchase order. Further information on specifying this is given 
in AMD document 00-003. 


DATA PREPARATION AND REVIEW 


MARK, INSPECT, PACK FOR SHIPMENT 


Standard AMD parts with this burn-in option are marked with “—B” after 
the part number, except that linear 100, 200 or 300 series are suffixed 
‘1883B". 


QUALITY INSPECTION, PRE-SHIPMENT 


Confirmation of marking, physical quality, and product identity. 


QUALITY INSPECTION FOR SHIPMENT RELEASE 
Final review of shipment against order. 


SHIP TO CUSTOMER 


' Military temperature range parts meet screening requirements of MIL- 
STD-883, Class B. 
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OTHER OPTIONS 


Document 00-003, “Extended Processing Options”, further defines Option B as well as other 
screening or sampling options available or special order. Available options are listed here for 


reference. 


Option 


Document 15-010 Rev. E, Jan. 1, 1978 


Description 


Modified Class A screen 
(Similar to Class S screening) 


160-hr operating burn in 


Radiographic inspection (X-ray) 


Scanning Electron Microscope 
(SEM) metal inspection 


Preseal visual inspection to 
MIL-STD-883, Method 2010, 
Cond. A 


Particle impact noise (PIN) 


screen with ultrasonic detection. 


Quality conformance inspection 
(Group B, C and D life and 
environmental tests) 
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Effect 


Provides space-grade product, fol- 
lowing most Class S requirements 
of MIL-STD-883, Method 5004. 


Upgrades a part from Class C 
to Class B. 


Related to Option A. Provides 
limited internal inspection of 
sealed parts. 


Sample inspection of metal 
coverage of die. | 


More stringent visual inspection 


‘of assemblies and die surfaces 


prior to seal. 


Detects loose particles of 
approximately 0.5 mil size or larger, 
which could affect reliability in 
zero-G or high vibration applications. 


Samples from the lot are stressed 
and tested per Method 5005. 

The customer's order must state 
which groups are required. 

Group B destroys 16 devices; 
Group C, 92 devices; Group D, 
60 devices. 


AmZ8000 
Microprocessor 
Family 
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SALES OFFICES AND REPRESENTATIVES 


SOUTHWEST AREA 
Advanced Micro Devices 
9595 Wilshire Boulevard 
Suite 401 
Beverly Hills, California 90212 
Tel: (213) 278-9700 

213) 278-9701 
TWX: 910-490-2143 


Advanced Micro Devices 
1414 West Broadway Road 
Suite 239 

Tempe, Arizona 85282 
Tel: (602) 244-9511 

TWX: 910-950-0127 
Advanced Micro Devices 
1201 Dove Street 

Suite 250 

Newport Beach, California 92660 
Tel: (714) 752-6262 

TWX: 910-595-1575 
Advanced Micro Devices 
13777 No. Central Expy. 
Suite 1008 

Dallas, Texas 75243 

Tol: (214) 234-5886 

TWX: 910-867-4795 


es UTHWEST AREA (Cont) 
Gvanced Micro Devices 

5955 Desoto Ave. 

Woodland Hills, Calitornia 91367 
Tel: (213) 992-4155 

TWX: 910-494-4720 


NORTHWEST AREA 
Advanced Micro Devices 
3350 Scott Boulevard 
Suite 1002, Bldg. 10 
Santa Clara, California 95051 
Tel: (408) 727-1300 
TWX: 910-338-0192 
Advanced Micro Devices 
7000 Broadway 

Suite 401 

Oenver, Colorado 80221 
Tel: (303) 426-7100 
TWX: 910-931-2562 
Advanced Micro Devices 
7110 S.W. Fir Loop 
Tigard, Oregon 97223 
Tel: (503) 620-1021 

TWX: 910-458-8797 


MID-AMERICA AREA 
Advanced Micro Devices 
1111 Plaza Drive, Suite 420 
Schaumburg, itinois 60195 
Tel: (312) 682-8660 

TWX: 910-291-3589 


Advanced Micro Devices 
3400 West 65th Street 
Suite 375 
Edina, Minnesota 55435 
Tel: (612) 854-6500 

612) 854-6520 
TWX: 910-576-0929 


Advanced Micro Oevices 
50 McNaughton Road 
Suite 201 

Columbus, Ohio 43213 
Tel: (614) 457-7766 
TWX: 810-339-2431 
Advanced Micro Devices 
33150 Schoolcraft 

Livonia, Michigan 48150 
Tel: (313) 425-3440 
TWX: 810-242-8777 


MID-ATLANTIC AREA 
Advanced Micro Devices 

40 Crossway Park Way 
Woodbury, New York 11797 
Tel: (516) 364-8020 

TWX: 510-221-1819 
Advanced Micro Devices 
6806 Newbrook Ave. 

E. Syracuse, New York 13057 
Tel: (315) 437-7546 

TELEX: 93-7201 

Advanced Micro Devices 

2 Kilmer Road 

Edison, New Jersey 08817 
Tel: (201) 985-6800 

TWX; 710-480-6260 
Advanced Micro Devices 

1 Gibralter Plaza, Suite 219 
110 Gibralter Road 

Horsham, Pennsytvania 19044 
Tel: (215) 441-8210 

TWX: 510-665-7572, 
Advanced Micro Devices 

82 Washington Street 
Poughkeepsie, New York 12601 
Tel: (914) 471-8180 


NORTHEAST AREA 
Advanced Micro Devices 

300 New Boston Park 
Woburn, Massachusetts 10801 
Teal: (617) $33-1234 

TWX: 710-348-1332 


SOUTHEAST AREA 
Advanced Micro Devices 
793 Elkridge Landing, #11N 
Linthicum, Maryland 21090 
Tel: (301) 796-9310 
Advanced Micro Devices 
1001 N.W. 62nd Street 

Suite 409 

Ft. Lauderdale, Florida 33309 
Tel: (305) 771-6510 

TWX; 510-955-9490 
Advanced Micro Devices 
6755 Peachtree industrial Boulevard 
Suite 104 

Atlanta, Georgia 30360 

Tel: (404) 449-7920 

TWX: 810-766-0430 


Advanced Micro Devices Internationa! Sales Offices 
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CALUSFORNIA 

(Northern) 

12 Incorporated 

3350 Scott Boulevard 

Suite 1001, Bldg. 10 

Santa Clara, California 95050 
Tel: (408) 988-3400 

TWX: 910-338-0192 


bocoome, 


10150 Sorrento Valley Road 
Suite 300 

San Diego, Calitornia 92121 
Tel: (714) 452-5500 


CANADA (Eastem) 

Vitel Electronics 

3300 Cote Vertu, Suite 203 
St. Laurent, Quebec, 
Canada H4R 2B7 

Tel: (514) 331-7393 

TWX: 610-421-3124 

TLX: 05-821762 


Vitel Electronics 

1 Vulcan St, Suite 203 
Rexdale, Ontario, 

Canada M9W 1L3 

Tel: (416) 245-8528 

TWX: 610-491-3728 
Shipping: 

Vitel Electronics 

84 Main Street 

Champlain, New York 12919 


Vitel Electronics 

85 Albert Street, Suita 1610 
Ottawa, Ontario 

Canada KiP 6A4_. 

Tel: (613) 236-0396 

TEX: 0533198 


Bellevue, Washington 98009 
Tel: (206) 454-4594 

TLX: 32-8951 

Shipping 

1645 Ramblin ng tas 

Bellevue, Wa ington 98004 


Vitel Electronics 

3665 Kingsway, Suite 211 
Bumaby, British Columbia 
Canada VSR 5W2 

Tel: (604) 438-6121 
TWX: 610-953-4925 


COLORADG 


R2 Marketing 

10018 Na. Regency Place 
P.O. Box 554 

Parker, Colorado 80134 
Tet: (303) 771-7580 


CONNECTICUT 

Scientific Components 

1185 South Main Street 
Cheshire, Connecticut 06410 
Tel: (203) 272-2965 

TWX: 710-455-2078 


FLORIDA 

Conley & Associates, Inc. 
P.O. Box 309 

235 South Central Ave. 
Oviedo, Florida 32765 
Tel: (305) 365-3283 
TWX: 810-856-3520 


Conley & Associates, Inc. 
1612 N.W. Second Ave. 
P.O. Box 700 

Boca Raton, Florida 33432 
Tel: (305) 395-6108 

TWX: 510-953-7548 


Conley & Associates, Inc. 
4021 W. Waters Avenue 
Suite 2 

Tampa, Florida 33614 
Tel: (813) 885-7658 | 
TWX: 810-876-9136 


Suite 103 

Atlanta, Georgia 30360 
Tel: (404) 449-9430 
TWX: 810-766-0430 


ILUNOIS 

Oasis Sales, Ine. 

1101 Towne Road 

Etk Grove Village, IKinois 60007 
Tel: (312) 640-1850 

TWX: 910-222-1775 


INDIANA 

C-S Electronic Sales, inc. 
2122-A Mian Street 

South Bend, Indiana 46613 
Tel: (219) 291-6258 

TWX: 810-299-2535 


C-S Electronic Sales, inc. 
1157-8 South Jackson 
Franktort, indiana 46041 
Tel: (317) 659-1874 


OWA 

Lorenz Sales, Inc. 

5270 No. Park PI, N.E. 
Cedar Rapids, lowa 52402 
Tel: (319} 377-4666 


KANSAS 

Kebco Manutacturers 
7070 West 107th Street 
Suite 


160 
Overland Park, Kansas 66212 
Tel: (913) 649-1051 
TWX: 910-749-4077 


Kebco Manufacturers 
9813 England 
Overt. Park, Kansas 66211 


MARYLAND 

Burgin-Kreh Associates, Inc. 
6100 Baltimore National Pike 
Baltimore, Maryland 21228 
Tel: (301) 768-5200 

TWX: 71 -1450 


Brighton, Michigan 48116 
Tel: (313) 227-1786 
TWX: 810-242-1518 


Shipping: 

First Federal Bank Building 
Suite 109 

9880 E. Grand River Avenue 
Brighton, Michigan 48116 


MISSOURI 

Kebco Manufacturers 

75 Worthington Drive, Ste. to 
Mariland Heights, Missouri 63043 
Tel: (314) 576-4111 

TWX: 910-764-0826 


NEBRASKA 

Lorenz Sales 

2809 Garfield Avenue 
Lincoln, Nebraska 68502 
Tal: (402) 475-4660 


NEW MEXICO 

The Thorson Company 

1101 Cardenas, N.E. 

Suite 109 

Albuquerque, New Mexico 87110 
Tal: (505) 265-5655 

TWX: 910-989-1174 


NEW YORK 


by apt Inc. 
10 Adler Drive ; 
East Syracuse, New York 13057 


Tal: (315) 437-8343 
TWX: 710-541-1506 


WORTH CAROLINA 
Burgin-Kreh Associates, lnc. 
P.O. Box 19510 

, North Carolina 27609 
Tel: (919) 781-1100 
TWX: 510-928-0540 


Shipping: . 
3901 Barrett Drive 
Raleigh, North Carolina 27609 


Strongsville, Ohio 44136 
Tel: (216) 238-0300 
TWX: 810-427-9148 


Doituss-Root & Co. 

683 Miamisburg-Centerville Road 
Suite 202 

Centerville, Ohio 45459 

Tel: (513) 433-6776 


PENNSYLVANIA 

Bacon Electronic Sales 

115 South High Street 
Waterford, Pennsyivania 16441 
Tel: (814) 796-2381 

TWX: 510-699-6870 


wasn 


Burg in- Koh Associates, Inc. 
kyline Drive 

Kacaton Heights 

Kingston, Tennessee 37763 


EMA 

11305 Silver Springs Drive 
Knoxville, Tennessee 37922 
Tel: (615) 966-1286 


Eastern) 
glial Associates, Inc. 
P.O. Box 2 
12 Skyline oe 
Pilea Heights, 
Kingston, Tenmeeses 37763 
Tel: (615) 690-6100 


TEXAS 

Bonser-Phithower Sales 
13777 N. Central Expressway 
Suite 212 

Dallas, Texas 75243 

Tel: (214) 234-6438 


Bonser-Philhower 

3300 Chimneyrock, Suite 208 
Houston, Texas 77056 

Tel: (713) 783-0063 


Austin, Texas 78758 
Tel: (512) 458-3569 


UTAH 

R2 

940 North 400 East, Suite B 
North Sak Lake, Utah 84054 
Tel: (801) 298-2631 

TWX: 910-925-5607 


VIRGINIA 

Burgin-Kreh Associates, Inc. 
P.O. Box 4254 

5521 Fort Avenue 

Lynchburg, Virginia 24502 
Tel: (804) 239-2626 


WASHINGTON 

Venture Electronics 

1601 116th N.E., Suite 109 
P.O. Box 3034 

Bellevue, Washington 98005 
Tel: (206) 454-4594 
TELEX: 32-8951 


WISCONSIN 
Oasis Sales, inc. 
N. 81 W. 12920 Leon Road 


Suite 11 
Menomonee Falls, Wisconsin 53051 
Tel: (414) 445-6682 


U.S. AND CANADIAN STOCKING DISTRIBUTORS 


ALABAMA 
Hamilton/Avnet Electronics 
4812 Commercial Drive 
Huntsville, Alabama 35805 
Tel: (205) 533-1170 


Hall-Mark Electronics 

4739 Commercial Drive 
Huntsville, Alabama 35805 
Tel: (205) 837-8700 


ARIZONA 

Wyle Distribution Group 
8155 North 24th Avenue 
Phoenix, Arizona 85021 
Tel: (602) 249-2232 


Hamilton/Avnet Electronics 
2615 S. 21st Street 
Phoenix, Arizona 85034 
Tel: (602) 275-7851 

TWX: 910-951-1535 


CALIFORNIA 

Avnet Electronics 

350 McCormick Avenue 

Irvine Industrial Complex 
Costa Mesa, California 92626 
Tel: (714) 754-6084 

TWX: 910-595-1928 


Bell Industries 

1161 N. Fairoaks Avenue 
Sunnyvale, California 94086 
Tel: (408) 734-8570 

TWX: 910-339-9378 


Hamilton Electro Sales 
10950 W. Washington Blvd. 
Culver City, California 90230 
Tel: ei §58-2100 

714) 522-8220 
TWX: 910-340-6364 

910-340-7073 

TELEX: 67-36-92 


Hamilton/Avnet Electronics 
1175 Bordeaux 

Sunnyvale, California 94086 
Tel: (408) 743-3300 

TWX: 910-339-9332 


Hamilton/Avnet Electronics 
4545 View Ridge Road 

San Diego, California 92123 
Tel: (714) 571-7500 
TELEX: 69-54-15 


Hamilton/Avnet Electronics 
3170 Pullman 

Costa Mesa, California 92626 
Tel: (714) 979-6864 


Wyle Distribution Group 
9525 Chesapeake Drive 
San Diego, California 92123 
Tel: (714) 565-9171 

TWX: 910-335-1590 


Schweber Electronics 
17811 Gillette 

Irvine, California 92714 
Tel: (213) 537-4320 
TWX: 910-595-1720 


Wyle Distribution Group 

124 Maryland Avenue 

E! Segundo, California 90545 

Tel: (213) 322-8100 

TWX: 910-348-7140 
910-348-7111 


Arrow Electronics 

720 Palomar Ave. 
Sunnyvale, California 94086 
Tel: (408) 739-3011 

TWX: 910-339-9371 


Wyle Distribution Group/Santa Clara 
3000 Bowers Avenue 
Santa Clara, California 95052 
Tel: (408) 727-2500 
TWX: 910-338-0296 
910-338-0541 


Wyle Distribution Group 
17981 Skypark Circle 
Suite M 

Irvine, California 92713 
Tel: (714) 751-9850 


Wyle Distribution Group 
Orange County Division 
17872 Cowan 

Irvine, California 92714 
Tel: (714) 641-1600 


CANADA 

Hamilton/Avnet Electronics 

2670 Sabourin 

St. Laurent, Quebec, Canada H4S1M2 
Tel: (514) 331-6443 

TWX: 610-421-3731 


Hamilton/Avnet Electronics 

3688 Nashua Road 

Mississauga, Ontario, Canada L4V1M5 
Tel: (416) 677-7432 

TWX: 610-492-8867 


Hamilton/Avnet Electronics 

1735 Courtwood Crescent 
Ottawa, Ontario, Canada K2C3U2 
Tel: (613) 226-1700 

TWX: 610-562-1906 


RAE Industrial Electronics, Ltd. 
3455 Gardner Court 

Burnaby, British Columbia 
Canada V5G 4J7 

Tel: (604) 291-8866 

TWX: 610-929-3065 

TLX: 04-356533 


Future Electronics 
5647 Ferrier Street 
Montreal, Quebec, Canada H4P2K5 
Tel: (514) 731-7441 
TWX: 610/421-3251 
05-827789 


Future Electronics 
4800 Dufferin Street 
Downsview, Ontario 
Canada M3H 5S9 
Tel: (416) 663-5563 


Future Electronics 

3070 Kingsway 

Vancouver, British Columbia 
Canada V5R 5J7 

Tel: (604) 438-5545 

TWX: 610-922-1668 


Future Electronics 
Baxter Centre 

1050 Baxter Rd. 
Ottawa, Ontario 
Canada K2C 3P2 
Tel: (613) 820-8313 


COLORADO 

Wyle Distribution Group 

6777 E. 50th Avenue 

Commerce City, Colorado 80022 
Tel: (303) 287-9611 

TWX: 910-936-0770 


Hamilton/Avnet Electronics 
8765 E. Orchard Road 

Suite 708 

Englewood, Colorado 80111 
Tel: (303} 740-1000 


Bell Industries 

8155 W. 48th Avenue 
Weatridge, Colorado 80033 
Tel: (303} 424-1985 

TWX: 910-938-0393 


CONNECTICUT 

Hamilton/Avnet Electronics 

643 Danbury Road 
Georgetown, Connecticut 06829 
Tel: (203) 762-0361 


Schweber Electronics 
Finance Drive 

Commerce Industrial Park 
Danbury, Connecticut 06810 
Tel: (203) 792-3500 


Arrow Electronics 

295 Treadwell Street 
Hamden, Connecticut 06514 
Tel: (203) 248-3801 

TWX: 710-465-0780 


Wilshire Electronics 

2554 State Street 

Hamden, Connecticut 06517 
Tel: (203) 281-1166 

TWX: 710-465-0747 


FLORIDA 

Arrow Electronics 

115 Palm Road N.W. 
Suite 10 

Palm Bay, Florida 22905 
Tel: (305) 725-1480 


Arrow Electronics 

1001 N.W. 62nd St., Suite 402 
Ft. Lauderdale, Florida 33300 
Tel: (305) 776-7790 


Hall-Mark Electronics 
7233 Lake Ellenor Dr. 
Orlando, Florida 32809 
Tel: (305) 855-4020 
TWX: 810-850-0183 


Hall-Mark Electronics 

1302 West McNabb Road 

Ft. Lauderdale, Florida 33309 
Tel: (305) 971-9280 

TWX: 510-956-9720 


Hamilton/Avnet Electronics 
6800 N.W. 20th Ave. 

Ft. Lauderdale, Florida 33309 
Tel: (305) 971-2900 


Hamilton/Avnet Electronics 
3197 Tech Drive North 

St. Petersburg, Florida 33702 
Tel: (813) 576-3930 


Pioneer/Florida 

6220 S. Orange Blossom Trail 
Suite 412 

Orlando, Florida 32809 

Tel: (305) 859-3600 

TWX: 810-850-0177 


GEORGIA 

Arrow Electronics 

2979 Pacific Drive 
Norcross, Georgia 30071 
Tel: (404) 449-8252 
TWX: 810/766-0439 


Hamiiton/Avnet Electronics 
6700 1-85 

Suite 2B 

Norcross, Georgia 30071 
Tel: (404) 448-0800 


ILLINOIS 

Arrow Electronics 

492 Lunt Avenue 
Schaumburg, Illinois 60193 
Tel: (312) 893-9420 


Hall-Mark Electronics 
1177 Industrial Drive 
Bensenville, Illinois 60106 
Tel: (312) 860-3800 
TWX: 910-222-1815 


Hamilton/Avnet Electronics 
3901 North 25th Avenue 
Schiller Park, Illinois 60176 
Tel: (312) 678-6310 

TWX: 910-227-0060 


Pioneer/Chicago 

1551 Carmen Drive 

Elk Grove Village, Illinois 60007 
Tel: (312) 437-9680 

TWX: 910-222-1834 


INDIANA 

Pioneer/Indiana 

6408 Castle Place Drive 
Indianapolis, Indiana 46250 
Tel: (317) 849-7300 

TWX: 810-260-1794 


KANSAS 

Hall-Mark Electronics 

11870 West 91st Street 
Congleton Industrial Park 
Shawnee Mission, Kansas 66214 
Tel: (913) 888-4747 

TWX: 510-928-1831 


Hamilton/Avnet Electronics 
9219 Quivira Road 

Overland Park, Kansas 66215 
Tel: (913) 888-8900 


MARYLAND 

Arrow Electronics 

4801 Benson Avenue 
Baltimore, Maryland 21227 
Tel: (301) 247-5200 


Hall-Mark Electronics 
6655 Amberton Drive 
Baltimore, Maryland 21227 
Tel: (301} 796-9300 
TWX: 710-862-1942 


Hamilton/Avnet Electronics 
7235 Standard Drive 
Hanover, Maryland 21076 
Tel: (301) 796-5000 

TWX: 710-862-1861 
TELEX: 8-79-68 


Pioneer/Washington 

9100 Gaither Road 
Gaithersburg, Maryland 20760 
Tel: (301) 948-0710 

TWX: 710-828-0545 


MASSACHUSETTS 

Arrow Electronics 

96D Commerce Way 

Woburn, Massachusetts 01801 
Tel: (617) 933-8130 

TWX: 510-224-6494 


Hamilton/Avnet Electronics 

50 Tower Office Park 

Woburn, Massachusetts 01801 
Tel: (617) 935-9700 

TWX: 710-393-0382 


Schweber Electronics 

25 Wiggins Road 

Bedford, Massachusetts 01730 
Tel: (617) 275-5100 


Wilshire Electronics 

One Wilshire Road 

Burlington, Massachusetts 01803 
Tel: {617) 272-8200 

TWX: 710-332-6359 


MICHIGAN 

Arrow Electronics 

3810 Varsity Drive 

Ann Arbor, Michigan 48104 
Tel: (313) 971-8220 

TWX: 810-223-6020 


Hamilton/Avnet Electronics 
32487 Schoolcraft 

Livonia, Michigan 48150 
Tel: (313) 522-4700 
TWX: 810-242-8775 


Pioneer/Michigan 

13485 Stamford 

Livonia, Michigan 48150 
Tel: (313) 525-1800 
TWX: 810-242-3271 


MINNESOTA 

Arrow Electronics 

5230 W. 73rd Street 
Edina, Minnesota 55435 
Tel: (612) 830-1800 


Hall-Mark Electronics 

9201 Penn Avenue South 
Suite 10 

Bloomington, Minnesota 55431 
Tel: (612) 884-9056 

TWX: 910-576-3187 


Hamilton/Avnet Electronics 
7449 Cahill Rd. 

Edina, Minnesota 55435 
Tel: (612) 941-3801 


MISSOURI 

Hall-Mark Electronics 
13789 Rider Trail 

Earth City, Missouri 63045 
Tel: (314) 291-5350 

TWX: 910-760-0671 


Hamilton/Avnet Electronics 
13743 Shoreline Court 
Earth City, Missouri 63045 
Tel: (314) 344-1200 


NEW JERSEY 

Arrow Electronics 

Pleasant Valley Road 
Moorestown, New Jersey 08057 
Tel: (609) 235-1900 


Arrow Electronics 

285 Midland Ave. 

Saddle Brook, New Jersey 
Tel: (201) 797-5800 
TWX: 710-988-2206 


Hamilton/Avnet Electronics 
10 Industrial Road 

Fairfield, New Jersey 07006 
Tel: (201) 575-3390 


Hamilton/Avnet Electronics 

1 Keystone Avenue 

Cherry Hill, New Jersey 08003 
Tel: (609) 424-0100 


Schweber Electronics 

18 Madison Road 

Fairfield, New Jersey 07006 
Tel: (201) 227-7880 

TWX: 710-480-4733 


Wilshire Electronics 

1111 Paulison Avenue 
Clifton, New Jersey 07015 
Tel: (201) 340-1900 
TWX: 710-989-7052 


NEW MEXICO 

Bell Industries 

11728 Linn N.E. 

Albuquerque, New Mexico 87123 
Tel: (505) 292-2700 

TWX: 910-989-0625 


Hamiiton/Avnet Electronics 

2524 Baylor Drive S.E. 
Albuquerque, New Mexico 87119 
Tel: (505) 765-1500 


Electronic Devices Co., Inc. 
3301 Juan Tabo N.E. 
Albuquerque, New Mexico 871141 
Tel: (505) 293-1935 


NEW YORK 

Arrow Electronics 

900 Broad Hollow Road 
Farmingdale, New York 11735 
Tel: (516) 694-6800 

TWX: 510-224-6155 


Arrow Electronics 

7705 Maltage Drive 
Liverpool, New York 13088 
Tel: (315) 652-1000 

TWX: 710-545-0230 


Arrow Electronics 

3000 South Winton Road 
Rochester, New York 14623 
Tel: (716) 275-0300 

TWX: 510-253-4766 


Hamilton/Avnet Electronics 
167 Clay Road 

Rochester, New York 14623 
Tel: (716) 442-7820 


Hamilton/Avnet Electronics 
5 Hub Drive 

Melville, New York 11746 
Tel: (516) 454-6000 
TWX: 510-224-6166 


Hamilton/Avnet Electronics 
6500 Joy Road 

E. Syracuse, New York 13057 
Tel: (315) 437-2642 

TWX: 710-541-0959 


Summit Distributors, Inc. 
916 Main Street 
Buffalo, NY 14202 

Tel: (716) 884-3450 
TWX: 710-522-1692 


Wilshire Electronics 
110 Parkway South 
Hauppauge 

Long Island, NY 11787 
Tel: (516) 543-5599 


Wilshire Electronics 

1260 Scottsville Road 
Rochester, New York 14623 
Tel: (716) 235-7620 

TWX: 510-253-5226 


Wilshire Electronics 

10 Hooper Road 

Endwell, New York 13760 
Tel: (607) 754-1570 
TWX: 510-252-0194 


Schweber Electronics 

Jericho Turnpike 

Westbury, New York 11590 

Tel: (516) 334-7474 

TWX: 510-222-9470 
510-222-3660 


NORTH CAROLINA 

Arrow Electronics 

1337-G South Park Drive 
Kernersville, North Carolina 27284 
Tel: (919) 996-2039 


Hall-Mark Electronics 

1208 Front Street, Building K 
Raleigh, North Carolina 27609 
Tel: (919) 832-4465 

TWX: 510-928-1831 


Hamilton/Avnet Electronics 
2803 Industrial Drive 

Raleigh, North Carolina 27609 
Tel: (919) 829-8030 


OHIO 

Arrow Electronics 
6238 Cochran 
Solon, Ohio 44139 
Tel: (216) 248-3990 


Arrow Electronics 
3100 Plainfield Road 
Kettering, Ohio 45432 
Tel: (513) 253-9176 
TWX: 810-459-1611 


Hamilton/Avnet Electronics 
954 Senate Drive 

Dayton, Ohio 45459 

Tel: (513) 433-0610 
TWX: 810-450-2531 


Hamilton/Avnet 

761 Beta Drive, Suite E 
Cleveland, Ohio 44143 
Tel: (216) 461-1400 


Arrow Electronics 

P.O. Box 37856 
Cincinnati, Ohio 45222 
Tel: (513) 761-5432 
TWX: .810-461-2670 


Pioneer/Cleveland 
4800 E. 131tst Street 
Cleveland, Ohio 44105 
Tel: (216) 87-3600 
TWX: 810-422-2211 


OKLAHOMA 

Hall-Mark Electronics 
5460 S. 103rd E. Avenue 
Tulsa, Oklahoma 74145 
Tel: (918) 835-8458 
TWX: 910-845-2290 


OREGON 

Hamilton/Avnet Electronics 
6024 S.W. Jean Road 

Bidg. C, Suite 10 

Lake Oswego, Oregon 97034 


PENNSYLVANIA 
Hali-Mark Electronics 
458 Pike Road 

Pike Industrial Park 
Huntingdon Valley, 
Pennsylvania 19006 
Tel: (215) 355-7300 
TWX: 510-667-1750 


Schweber Electronics 

101 Rock Road 

Horsham, Pennsylvania 19044 
Tel: (215) 441-0600 


Pioneer/Pittsburgh 

560 Alpha Drive 

Pittsburgh, Pennsylvania 15238 
Tel: (412) 782-2300 

TWX: 710-795-3122 


TEXAS 

Hall-Mark Electronics 
P.O. Box 22035 
11333 Page Mill Road 
Dallas, Texas 75222 
Tel: (214) 234-7300 
TWX: 910-867-4721 


Hall-Mark Electronics 
8000 Westglen 
Houston, Texas 77063 
Tel: (713) 781-6100 
TWX: 910-881-2711 


Hall-Mark Electronics 
10109 McKalla Drive 
Suite F 

Austin, Texas 78758 
Tel: (512) 837-2814 

TWX: 910-874-2010 


Hamilton/Avnet Electronics 
4445 Sigma Road 

Dallas, Texas 75240 

Tel: (214) 661-8661 
TELEX: 73-05-11 


Hamilton/Avnet Electronics 
3939 Ann Arbor Street 
P.O. Box 42802 

Houston, Texas 77042 
Tel: (713) 780-1771 


Hamilton/Avnet Electronics 
10508A Boyer Bivd. 
Austin, Texas 78757 

Tel: (512) 837-8911 


Schweber Electronics 
14177 Proton Road 
Dallas, Texas 75240 
Tel: (214) 661-5010 
TWX: 910-860-5493 


Schweber Electronics 
7420 Harwin Drive 
Houston, Texas 77036 
Tel: (713) 784-3600 


UTAH 

Bell Industries 

3639 W. 2150 South 

Salt Lake City, Utah 84120 
Tel: (801) 972-6969 
TWX: 910-925-5686 


Hamilton/Avnet Electronics 
1585 West 2100 South 
Salt Lake City, Utah 84119 
Tel: (801) 972-2800 

TWX: 910-925-4018 


WASHINGTON 
Hamilton/Avnet Electronics 
14212 N.E. 21st Street 
Bellevue, Washington 98005 
Tel: (206) 746-8750 

TWX: 910-443-2449 


Wyle Distribution Group 
1750 132nd Avenue N.E. 
Bellevue, Washington 98005 
Tel: (206) 453-8300 

TWX: 910-443-2526 


WISCONSIN 

Arrow Electronics 

434 W. Rawson Avenue 

Oak Creek, Wisconsin 53154 
Tel: (414) 764-6600 

TWX: 910-262-1193 


Hall-Mark Electronics 

9657 S. 20th St. 

Oak Creek, Wisconsin 53154 
Tel: (414) 761-3000 


Hamilton/Avnet Electronics 
2975 Moorland Road 

New Berlin, Wisconsin 53151 
Tel: (414) 784-4510 


3-10-80 





by 


ADVANCED 
MICRO 

DEVICES, INC. 

901 Thompson Place 
P.O. Box 453 
Sunnyvale, 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
TOLL FREE 

(800) 538-8450 
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